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The  function  of  tlie  control  unit  in  a  digital  system 
is  to  initiate  sequences  of  aioro-oporations  which  resnlt  in 
ordered  operations  performed  on  data  stored  in  the  registers 
of  the  system.  When  the  control  functions  are  generated  by 
hardware  nsing  conventional  logic  design  techniques,  the 
control  unit  is  said  to  be  hard-wired.  A  second  alternative 
is  microprogrammed  control  which  pays  a  penalty  in  speed  bnt 
is  an  elegant  and  systematic  method  for  generating  the 
micro-operation  sequences  in  a  digital  system.  This  thesis 
disonsses,  in  Complementary  Metal  Oxide  Semioondnotor  (CMOS) 
technology,  the  design  of  a  mioroseqnenoer  as  part  of  a 
microprogrammed  control  organisation. 

The  material  in  this  report  is  divided  into  five 
chapters  and  3  appendices.  Chapter  1  provides  an  overview  of 
the  microseqiienoer  and  explains  some  basic  concepts  of 
microprogramming.  Appendix  A  provides  a  detailed  functional 
description  of  the  miorosequenoer  including  the  functional 
diagram  of  the  miorosequenoer  and  instruction  set  for  the 
Programmable  Logic  Array  (PLA) ,  which  controls  the 
microsequencer  logic.  Chapter  1  and  Appendix  A  can  be  read 
together  for  a  better  understanding  of  the  system.  Chapter  2 
deals  with  macros,  also  oalled  subsystems,  of  the 
miorosequenoer.  It  includes  the  pin  definitions  and 
execution  examples  of  the  maeros  used  to  build  the 
miorosequenoer.  Appendix  B  provides  a  detailed  description 
of  maoros  consisting  of  functional  and  logic  diagrams. 
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ABSTRACT 

Gowni  Skin  Prasad*  Master  of  Science,  May  198S 

Maj  or:  Electrical  Engineering,  Department  of  Eleotrioal 

Engineering 

Title  of  Thesis:  Design  of  a  CMOS  Mieroseqsenoer 

Directed  by:  Dr.  J.  Donald  Trotter 

Pages  in  thesis:  215.  Words  in  Abstraot:  128. 

A&ST1ACI 

This  thesis  discusses  the  design  of  a  CMOS 
aicrosequenaer  used  in  a  aioroprograaaed  control 
organization.  A  preeonoicTed  data  path  performs  most  of  the 
data  manipulation  functions  for  an  LSI  computer  system.  The 
operations  are  performed  as  direeted  by  sequences  of  eontrol 
microinstructions,  which  are  fetohed  from  a  microcode 
memory  using  addresses  generated  by  the  aierosequencer  chip. 

A  Programmable  Logio  Array  (PLA)  is  selected  in  lieu 
of  random  logio  to  control  the  circuits  within  the 
aierosequencer.  Bztensiwe  use  has  been  made  of  oloofced  CMOS 
ower  classic  CMOS  to  achiewe  higher  layout  density  and 
better  performance.  The  chip  has  been  designed  using 
soalable  design  rules  which  means  it  can  be  fabricated  in 
1.2  aioron  or  3  micron  technology.  The  design  uses 
double-layer  metal,  eliminating  the  need  for  extensive 
poly-interconnect  lines. 
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1.3.  SYSTEM  TIMING 

Tills  section  explains  the  tilling  associated  with  the 
aicrosequencer ,  the  data  path,  and  the  aicrostore. 

Pianre  1.4.  TIMING  DIAGRAMS 

phaael 

I  I  I  I  I  I 

II  II  II 

I  I  II  II 

_l  i  I _ I  i  +  1  .  I _ I  i  +  2  l_ 

phase2 

I  I  I  I  I" 

II  II  I 

II  II  I 

_ I  i  I _ I  i  +  1  I _ I  i+2 

1  2  3  4  5  6  7 

1  Microseqnencer  produces  aicroaddress  i. 

2  :  Microstore  is  accessed  for  aic r o ins t rue t ion  i. 

3  :  Microsequencer  produces  aioroaddress  i  +  1,*  data  path 

phasel  transfer  aicro  ins  true t  ion  i. 

4  Microstore  accessed  for  aicro  instruct  ion  i  +  1;  data  path 
phase2  execute  ai c r o ins t rue t  ion  i. 

5  Status  transfer  a  ic r o  ins t rue t  ion  i  (  status  transfer 
froa  the  data  path  to  the  aicrosequencer  ). 

6  Microseqnencer  produces  aioroaddress  i+2;  data  path 
phasel  transfer  a ic r o ins t rue t  ion  i  +  1. 

7  Microstore  accessed  for  a ic r o ins t rue t ion  i+2. 
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Th  a  following  list  shows  the  next  address 
inforaation  of  the  microinstruction 

CD  :  3  bit  condition  field  to  select  one  of  the  status  bits 
in  a  aultiplexer  (MUX2)  of  the  data  path  to  generate 
the  test  bit  T.  If  the  selected  bit  is  equal  to  1.  the 
T  (test)  bit  is  equal  to  1;  otherwise,  it  is  equal  to 
0. 

BR  4  bit  branch  instruction  field  to  execute  one  of  the 
16  sequence  control  instructions,  aost  of  which  are 
conditional  depending  upon  the  test  bit  (T),  state  of 
the  decreaenter,  or  both. 

ADF :  an  explicit  address  field  so  that  it  can  be  an 
address  source  for  MUX1  or  a  count  (N)  for  looping 
operations . 

T  is  the  test  flag  froa  the  data  path  in  phasel'* 
phase2’  following  phase2.  The  S  bit  op-code  is  the 
aacro-operat ion  part  of  the  aachine  instruction. 


OP-CODE 


BjnB 


A  aore  flexible  aepping  soheae  is  one  that  uses 
another  ROM  or  PLA  to  specify  the  aepping  bits.  In  this 
configuration,  the  bits  in  the  aacro-operat ion  specify  the 
address  for  the  napping  aeaory.  The  contents  of  the  napping 
aeaory  provide  the  bits  for  the  control  aeaory  address.  This 
enables  the  plaeenent  of  the  routine,  that  executes  the 
aacro-operat ion ,  in  any  desired  location  in  the  aicrocode 
aeaory . 

Another  aicrocode  address  operation  that  conld  be 
considered  is  a  fora  of  loop  operation.  This  operation  is 
useful  when  sections  of  aicrocode  are  to  be  executed  N 
tiaes.  where  N  can  either  be  a  constant  specified  in  the 
aicrocode  or  bo  the  result  of  a  calculation  done  in  the  data 
path.  However  in  the  proposed  controller  the  effeot  of  the 
data  path  on  the  controller  is  liaited  to  the  influence  of 
the  flag  inforaation.  The  saae  ADF  field  of  the  previous 
a icro ins  true t ion  is  used  as  an  address  source  for  MUX1  or  as 
a  count  (N)  for  looping.  Only  the  8  least  significant  bits 
of  the  ADF  field  are  used  for  N.  One  way  to  iapleaent  this 
instruction  is  to  dedicate  one  register  to  be  the  loop 
counter  and  to  do  conditional  branches  in  the  controller 
based  on  the  result  of  decreaenting  the  value  in  that 
register.  Vith  one  loop  counter,  loops  could  not  be  nested, 
sad  loops  could  not  be  used  inside  of  subroutines.  Vith  a 
LIFO  stack  (also  called  as  a  push-down  stack),  nested  loops 
and  loops  within  subroutines  could  both  be  accoaodated. 
Figure  1.3  shows  the  block  diagraa  of  the  aiorosequencer . 
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The  disadvantage  with  this  ichtat  is  the  restriction 
7 

of  2  micro  ins t rue t ions  per  aacro-operat ion .  Since  the 
nnaber  of  aicroiastrnetions  for  a  aacro-operat ion  is  not 
known  at  hand*  a  different  napping  soheae  is  used  here,  as 
shown  in  Figure  1.2.ii.  This  napping  scheme  clears  the  seven 
aost  significant  bits  and  transfers  the  5-bit  op-code  into 
the  5  least  significant  address  bits.  The  napped  output  (M) 
becoaes  another  address  source  for  MTJX1.  This  napping 
process  provides  aore  flexibility  to  the  aicroprograaaer  in 
that  the  aicro ins  true t  ions  for  a  aacro-operat ion  need  not  be 
placed  in  sequence. 


Figure  1.2. 

MAPPING 

SCHEMES 

1 xxxxx 1 

1  ,  1 

!  Figure 

1 .2.  i 

nr 

5-bit 

op-code 

(0C) 

Mapped  output  (X) 

xxxxx 

0000000 
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1 

i 

op-code 

napping  bits 

1 xxxxx 1 

1  ,  1 

1  Figure 

1.2.  ii 
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op-code 
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Mapped  output  (M) 

0000000  xxxxx 
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1 
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i 

napping  bits  op-code 
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is  the  junp  or  branch*  so  there  should  be  sose  miss  of 
loading  possible  address  value  into  MUX1 .  Frequently,  nany 
aioroprograas  oontsin  identiosl  seotions  of  code. 
Microinstructions  can  be  saved  by  eaploying  subroutines  that 
use  coaaon  sections  of  aicrooode;  e.g.,  the  sequenoe  of 
aicro-operat ions  needed  to  generate  the  effective  address  of 
the  operand  for  a  machine  instruction  is  coaaon  to  all 
aeaory  reference  instructions.  This  sequence  could  be  a 
subroutine  which  is  called  froa  within  aany  other  routines 
to  execute  the  effective  address  coaputation.  To  provide 
such  aicrocode  subroutine  facilities,  provisions  aust  be 
aade  for  saving  return  addresses,  which  is  aost  easily  done 
with  a  last-in  first-out  (LIFO)  aeaory  stack. 

Referring  to  Figure  1.1,  it  is  seen  that  the 
aicroinstruction  contains  a  field  labeled  ADF  which  nay  be 
an  explicit  address  by  itself.  This  is  one  of  the  address 
sources  for  MUX1.  Another  speoial  type  of  branch  exists  when 
a  aicroinstruction  specifies  a  branch  to  the  first  word  of 
a  routine  for  a  nacro-opera t ion  in  control  aeaory.  The 
address  bits  for  this  type  of  branch  are  a  function  of  bits 
used  in  the  operation  (op-code)  part  of  the  aachine 
instruction. 

One  specific  napping  prooess  [6]  that  converts  the 
S-bit  op-code  to  a  12-bit  aioroprograa  address  is  shown  in 
Figure  1.2. i.  In  this  napping  scheae,  the  7  least 
significant  address  bits  are  cleared  to  zeros  while  the 
5-bit  op-code  is  transferred. 
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In  a  aicroprograaaed  controller,  the  design  of  the 
control  logic  is  rednoed  to  encoding  sequences  of  control 
bit  patterns  to  be  stored,  along  with  control  aeaory  address 
sequencing  inforastion.  The  aicrooode  aeaory  aay  be 
iapleaented  as  either  writable  or  Read-Only  Meaory  (ROM). 
Bach  control  word  of  the  aioroeode  aeaory  is  called  a 
aic ro ins  true t ion  and  a  sequence  of  words,  which  together 
control  execution  of  a  aac ro ins  true t ion ,  is  called  a 
aicroprograa.  The  next  address  inforastion  of  the 
aicroinstruction  and  the  test  flag  froa  the  data  path  both 
act  as  input  data  to  the  aiorosequencer  and  the  outputs  of 
the  aiorosequencer  are  the  aioroeode  aeaory  address  lines. 
The  advantage  of  a  writable  control  aeaory  is  the 
flexibility  of  choosing  the  instruction  set  of  a  ooaputer  by 
changing  the  aicroprograa  under  processor  control.  Figure 
1.1  shows  one  fora  of  a  aioroprograaaed  control 
organization . 

The  purpose  of  a  aiorosequencer  is  to  present  an 
address  to  the  control  aeaory  so  that  a  aicroinstruction  aay 
be  read  and  executed.  The  next  address  logic  of  the 
aiorosequencer  determines  the  specific  address  source  which 
is  to  be  used  in  fetching  the  next  aicroinstruction.  There 
aust  be  a  aultiplexer  (MUX1)  which  gates  one  of  the  various 
address  sources  to  the  control  aeaory.  The  aost  ooaaon 
address  calculation  is  to  inoreaent  the  current  address  by 
one;  therefore  the  aiorosequencer  should  contain  an 
increaenter.  The  second  aost  iaportant  address  calculation 
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CHAPTER  1 

MICRO SEQUENCER  OVERVIEW 


The  primary  data  processsing  module  of  a  Largo  Scale 
Integrated  (LSI)  syatea  ia  the  data  path  ohip  [3],  The  data 
path  ia  capable  of  performing  a  variety  of  operations  on  a 
stream  of  data  supplied  from  its  internal  registers  or  from 
its  I/O  ports.  However,  the  data  path  in  itself  is  not  a 
complete  system.  An  additional  component  is  required  to 
supply  the  oontrol  bits  that  determine  the  fnnotion  of  the 
path  during  eaoh  maohine  cycle.  The  overall  operations 
performed  on  data  within  the  data  path  are  determined  by  the 
system  controller. 

A  close  examination  of  the  controllers  of  typical 
computers  reveals  the  faot  that  every  one  either  is,  or 
contains  within  it,  a  finite  state  machine.  This  finite 
state  maohine  can  be  implemented  by  a  Programmable  Logic 
Array  (PLA)  or  microprogram  controller.  It  is  often 
desirable  for  the  state  machine  to  be  implemented  in  some 
writable  medium,  rather  than  in  the  fixed  code  of  a  standard 
PLA  and  thus  patterned  permanently  in  the  silicon.  Utilizing 
an  engineering  prototype  nodel  for  a  computer  is  snch  an 
example  application.  It  has  been  decided  to  implement  the 
controller  by  utilizing  a  nicroseqnenoer  and  a  writable 
control  memory  for  this  research  effort. 
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1.4.  PIN  DEFINITIONS  OF  THE  MICRO SEQUENCER  CHIP 

This  section  presents  the  pin  diagraa  of  the 
aicrosequeneer  chip  followed  by  s  brief  description  of  the 
pins.  For  details  of  these  pin  definitions  refer  to  chapter 
2  on  aacros. 

Figure  1.5.  PIN  DiAGRAM  OF  THE  MICRO SEQUENCER  CHIP 
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DB  (pins  1-4  and  17-24)  is  the  12-bit  bidirectional 
data  bns  which  is  nsed  for  T  in  phasel  and  ADF  in  phsse2. 
For  DB  (MSB. . . . .LSB)  are  ( 4  ,  .  .  .  1 , 24  ,  .  .  .  ,  17 )  .  T  is  the  12-bit 
aicroprograa  address  ( aic r os e qnenc i r  output)  in  phasel  and 
ADF  is  the  12-bit  explicit  address  field  of  the 
aic ro ins t rnc t ion  which  is  the  input  to  the  aicrose qnencer  in 
phase2.  The  8  least  siginificant  bits  of  the  ADF  field  can 
be  a  count  for  looping,  where  (MSB, . . . ,LSB)  are  (24,..., 17). 
T  (pin  3)  is  the  test  flag  froa  the  data  path  to  the 
aicrosequencer  in  pha s e 1  '  *pha s e 2  '  following  phase2;  BR  (pins 


6-9 )  is  the 


4-bit  braaeh  instruction 


field  of 


the 


■  ioro ins  true t ion  which  is  the  input  to  the  ■ i c roe e quence r  in 
phese2.  Pin  6  is  the  LSB  end  pin  9  is  the  MSB.  OC  (pins 
10-14)  is  the  S-bit  op-code  fron  the  aachine  instruction  in 
phase2.  Pin  10  is  the  MSB  and  pin  14  is  the  LSB. 

Note  that  pins  1-4  and  17-24  are  shared  by  T  and  ADF 
to  redact  the  pin  coant  of  the  chip.  They  are  the  ADF  inputs 
to  the  aicroseqnencer  in  phase2  and  Y  outputs  in  phasel. 
Pins  15, 16,29  to  32,  and  33  to  36  are  not  connected.  +V  is 
the  voltage  supply  and  6ND  is  the  ground. 

1.5.  INSTRUCTION  PLA 

Irregular  coab inat ional  functions  can  be 
conveniently  aapped  onto  regular  structures  by  aeans  of  a 
Prograaaable  Logic  Array  (PLA).  A  PLA  is  selected  in  lieu  of 
randoa  logic  to  control  the  circuits  within  the 
aicroseqnencer  because  the  PLA  is  a  regular  structure  and 
coab ina t iona 1  functions  nay  be  significantly  changed  without 
requiring  aajor  changes  in  either  the  oesign  or  layout  of 
the  PLA  structure.  The  4-bit  branch  instruction  (BR)  field 
is  used,  in  conjunction  with  the  address  field  ADF,  to 
choose  the  next  aicro  ins  true t ion  address.  The  truth-table 
for  the  instruction  PLA  (Table  1.1)  is  split  into  two  parts, 
table  1.1.  i  and  table  1.1.  ii  : 


(i)  shows  the  result  of  each  instruction  in  controlling  the 
aultiplexer  (MUX1)  which  deteraines  the  Y  outputs,  the 
increaenter  (INC),  and  the  subroutine  stack  (SS). 


(ii)  shows  the  controls  to  DEC  MUX  and  Loop  oonntor  stack 
(LCS)  in  deoreacnter  (DEC)  .  Z  is  the  output  of  the  Zero 
Detector  (ZD)  which  cheeks  for  all  zeros  in  the  output  of 
the  Loop  Counter  Register  (LCR) .  Z*1  if  LC&  has  all  zeros 
and  Z-0  if  LCR  has  at  least  one  bit  which  is  high. 

The  binary  equivalent  of  Table  1.1,  which  has  to  be 
■upped  onto  the  PLA,  is  given  in  Tables  2.6.  i  and  2.6.ii, 
found  in  chapter  2  with  discussions  of  macros.  The  detailed 
explanation  of  instructions  is  given  in  Appendix  A. 
Truth-tables  are  shown  on  the  following  pages.  The  BR  field 
is  denoted  by  B3B2B1B0  and  the  following  abbreviations  are 
used  in  the  truth  tables 

IOP  :  Increaenter  output  ;  A  :  ADF  latches  output  ; 

M  :  Mapped  output  ;  F  :  SS  stack  top; 


TABLE  1.1 i 
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Table  1.1.1  : 


I  BE  I  MNEM  I  NAME  OF  THE 

III  I 

l(B3  I  ONICSl  BRANCH  lO/P 

III  I 

-BO) I  I  INSTRUCTION  l(Z) 


I  JZ  I  JUMP  TO  ZERO  I  Z 

I  I 


I  1  I  CJS  I  CONDITIONAL  ! 

I  I  I  JUMP  TO  SUB-  I  X 

I  I  I  ROUTINE  VIA  ADF| 
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_ I  . 
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I  III 


I  I 

IOP  I  HOLD  I  A  I  PUSH  I 
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Z  I  PUSH 


HOLD* 

PUSH 


HOLD 

POP 


PUSH 


HOLD* 


I  LC  I  LOAD  A  ZERO  COUNT 


I  LC 


HOLD  THE  DBCREMENTEK 


HOLD  THE  DECKEMENTER  I 
LOAD  A  COUNT  (N)  I 


DECREMENT 
POP  THE  STACK 


HOLD  THE  DECRENENTER  I 
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HOLD  THE  DECREMENTER  I 
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HOLD  THE  DECREMENTER 


LOAD  A  COUNT  (N) 


HOLD  THE  DECREMENTER  I 


The  output  of  the  aultiplexer  DBC  MUX  is  equal  to 
the  external  count  N  if  the  control  LC  is  high.  decreaented 
output  DOP  if  LD  is  high,  and  the  second  vord  of  the  loop 
counter  staok  LCS2  if  LL  is  high.  At  any  one  tine  only  one 
of  the  controls  LC ,  LD  and  LL,  to  DEC  MUX,  is  active.  If 
there  is  a  blank  in  the  DEC  MUX  field,  then  all  the  controls 
to  DEC  MUX  are  low.  Decrenent  is  equivalent  to  loading  the 
decreaented  output  with  LD  high  while  holding  the  LCS , 
excluding  the  stack  top  (HOLD).  HOLD*  holds  the  whole  stack 
in  its  place.  The  actual  controls  issued  by  the  PLA  to  the 
stacks  are  different.  For  details  of  these  controls  and  how 
the  staok  operations  are  perforaed  using  these  controls, 
refer  to  chapter  2  on  aacros. 


CHAPTER  2 


FUNCTIONAL  DESCRIPTION  OF  MICROSEQUENCER  MACROS 

INTRODUCTION 

This  chapter  deals  with  the  following  eaeros  : 

(1)  Inor eaenter 

(2)  8-word  by  12-bit  snbrontine  stack  (SS) 

(3)  Deoreaenter  with  zero  detector  (ZD)  and  4-word  by  8-bit 
loop  counter  stack  (LCS) 

(4)  Map  Logic 

(5)  Multiplexer  1  (MUX1)  implemented  as  a  bus  structure 

(6)  Instruction  PLA  with  latched  inputs  and  buffered 
outputs  (soae  of  the  outputs  being  gated). 

(7)  ADF  Latches 

Bach  aaoro  is  described  separately  and  explained 
with  respect  to  its  pin  diagraa.  Also  included  are  execution 
exaaples  of  different  macros  with  siaple  logic  diagrams.  For 
details  refer  to  Appendix  B  which  contains  the  general 
description,  functional  and  logic  diagraas,  floor  plan  and 
the  circuit  soheaatie  of  eaoh  aaoro.  Since  the  logic 
involved  in  the  aacros  -  Subroutine  Stack,  Map  Logic,  MUX1 , 
ADF  Latches  and  Instruction  PLA  -  is  siaple,  only  the 
increaenter  and  the  deoreaenter  are  explained  with  execution 
exaaples.  The  deoreaenter  is  explained  in  two  parts:  (i)  DEC 
LOGIC  and  (ii)  the  complete  aaoro. 

Switch  representations  have  been  used  in  place  of 
transfer  gates  in  logic  diagraas  and  soaetiaes  in  circuit 
seheaaties  for  siaplioity.  The  analogy  between  different 


types  of  switches  end  the  corresponding  transfer  gates  is 
shown  below  in  Figure  2.  s 
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Figure  2.  SWITCH  REPRESENTATIONS 
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The  type  of  the  switoh  is  denoted  by  the  letter 
inside  the  switch;  p  stands  for  PMOS ,  n  stands  for  NMOS,  and 
c  stands  for  CMOS.  Thateyer  the  type  of  the  switoh  is,  the 
switch  is  closed  if  the  control  signal  ’s'  is  high  (logic  1 
for  positive  logic).  S  can  be  a  single  variable  or  a  boolean 
expression.  OND  is  the  ground  (zero  volts).  VDD  is  the 
voltage  supply,  phasel  and  phase2  are  two  non-overlapping 
clocks  as  shown  in  Figure  1.4  in  chapter  1. 

Pins  1,  2,  3,  and  4  have  been  reserved  for  supply, 
ground,  phasel,  and  phase2,  respectively,  in  all  pin 
diagrans  for  the  sake  of  consistency.  To  simplify  the 
'SIGNAL  DEFINITIONS'  section,  the  above  mentioned  pins  are 
not  explained  again  in  the  remainder  of  this  chapter.  Note 


that  the  data  is  valid  during  the  time  shown  within  the 


!  7 


parentheses  ia  the  abbreviation  eolaaa  of  all  the  signal 
definitions.  Sefer  to  Table  2.1,  signal  defintiona  of  the 
inereaenter,  where  T  (phasel)  in  the  abbreviation  oolnan 
aeana  that  the  aieroprograa  address  7  is  valid  in  tiae 
phaael.  Bit  '0'  is  the  LSB  and  bit  'll'  is  the  MSB  for  all 
data  pins  except  for  decreaeater  data  vhere  the  MSB  is  bit 
'7'  since  the  data  is  only  8-bits  vide  as  opposed  to  the 
12-bits  vide  data  in  all  other  aaoros.  Also  OC^  is  the  MSB 
of  the  op— code  field  since  the  op-code  consists  only  of  5 
bits. 

The  clocks  are  buffered  vherever  needed  bat  the 
bnffers  are  not  included  in  the  pin  diagraas  or  logic 
diagraas  since  they  do  not  affect  the  logical  operation.  For 
details  of  the  cironits  and  layouts,  refer  to  chapter  3  on 
the  cell  library.  The  general  carry-chain  circuit  is 
explained  before  discussing  the  inoreaenter  and  decrenenter 
carry  cha ins . 

2.A.I.  CARET-CHAIN  CIRCUIT 

It  has  been  decided  to  iapleaent  the  fastest 
possible  Manchester-type  carry  chain  having  the  carry 
propagation  circuit  as  shovn  in  Figure  2. a. 

The  carry  chain  consists  of  nMOS  pass  transistors 
froa  carry-in  (CIN)  to  carry-out  (COUT).  The  carry  chain  is 
precharged  high  by  pMOS  transistors,  and  propagates  a  lov 
carry  signal  vhich  it  can  do  quite  rapidly.  Three  signals 
are  used  to  oontrol  the  earry-out  of  each  stage.  The  first 
is  the  phase?'  clock  vhich  preoharges  the  node  associated 
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with  the  cirry— out  of  each  stage.  The  second  is  the 
carry-kill  signal.  which  siaply  grounds  the  carry-ont 
through  an  uMOS  transistor.  and  a  phaseE  nMOS  evaluation 
device .  PhaseE  is  the  sane  signal  as  phase?'  and  it  is  used 
to  nake  sure  that  the  kill  transistor  is  off  during  the 
preeharge  period.  The  third  is  the  pass  transistor  that 
causes  the  carry-out  to  be  equal  to  carry-in.  There  is  no 
evaluation  device  added  for  the  pass  transistor  since  both 
the  source  and  drain  of  the  nMOS  pass  transistor  are 
precharged  high  so  that  the  transistor  is  off  even  if  the 
input  to  the  pass  transistor  is  high. 

The  carry-kill  (E)  and  the  oarry-propagate  (P) 
signals  are  derived  fron  the  inputs  to  the  increaenter  or 
decreaenter  as  explained  below  and  the  exact  iapleaentat ion 
of  increaenter  and  decreaenter  carry  chains  are  explained  in 
the  respective  aacros.  In  fact  it  has  been  found  [5]  that 
nearly  all  interesting  ooabinations  of  carry-in  and  the 
input  signals  can  be  generated  using  the  propagate,  kill  and 
the  carry-in  froa  each  stage.  Thus  the  carry  chain  can  be 


visualized  as  a  logic 

block. 

as  in 

Figure  2 .b ,  with 

three 

inputs 

( carry-ki  1 1 , 

c  ar ry- in 

,  and 

carry-propagate )  , 

four 

outputs 

(propagate. 

kill , 

oarry- 

out  and  carry-in 

with 

propagate.  kill  and  carry-in  passed  through),  and  a 
preeharge  control  signal  phase?’. 

The  carry  chain  is  a  part  of  the  noraal  ALU  which 
can  be  reduced  to  increaenter  or  decreaenter  functions  by 
designing  the  necessary  functional  blocks  to  (i)  coabine  the 


input  variables  to  fora  the  propagate  and  kill  signals.  and 
(ii)  eoabine  the  propagate,  kill  and  ettry-ia  to  fora  the 
required  output  signal  (inoreaent  or  deoreaent).  These  steps 
as  iapleaented  in  the  increaenter  and  deoreaeater  designs 
are  explained  below. 

The  coding  for  ALU  operations  that  are  coaaonly 
found  useful  shows  that  for  adding  two  inputs  A  and  B,  P  is 
the  EX-OB  of  A  and  B;  E  is  A'B'.  The  output  is  the  EX-OR  of 
P  and  carry-in.  To  inoreaent  a  nnaber  A,  choose  B  to  be  all 
zeros  and  let  the  carry-in  be  equal  to  1.  This  reduces  the 
propagate  signal  (P)  to  be  equal  to  the  input  A  and  kill 
signal  (E)  to  be  equal  to  A*.  To  decreaent  a  number  A,  B  is 
chosen  to  be  all  l's  and  the  carry-in  as  0  so  that  the 
propagate  becoaes  A'  and  kill  becoaes  0  which  aeans  the  kill 
block  is  not  required  for  the  deoreaenter  carry  chain. 
Buffers  are  interposed  in  the  carry  chain  occasionally  to 
ainiaize  the  propagation  delay  of  the  carry  through  the 
entire  carry  chain.  After  several  SPICE  siaulations  it  was 
been  decided  to  interpose  the  buffers  every  fourth  stage. 

*  SPICE  is  an  acronya  for  Siaulation  Program,  Integrated 
Circuit  Emphasis.  It  is  a  general-purpose  circuit 
siaulation  prograa  for  nonlinear  dc  ,  nonlinear  transient, 

and  linear  ac  analyses. 
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2.1.  INCREMBNTBR  (INC) 

Tills  tsotloa  shows  the  pin  diagram 
iaoromsator  followed  by  the  sigaal  defiaitioas 
iaeremeater.  Aa  execution  example  is  also  preseated 
ead  of  the  seetioa,  to  illustrate  the  logic  involved 
iaeremeater . 


of  the 
of  the 
at  the 
ia  the 


Pigare  2.1  PIN  DIAGRAM  OF  THE  INCREMENTER 
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Table 

2.1.  SIGNAL 

DEFINITIONS  OF 

THE  INCREMENTER 

PIN 

NO  ( S ) 

ABBREVIATION 

NAME 

FUNCTION 

6-17 

Y 

(phasel) 

Microprogram 
addr e  s  s 

Miorosequeacer  output 
which  is  the  iapat  to 
the  iaeremeater.  Pia  17 
is  the  LSB.  Pia  6  is  the 
MSB. 

8-29 

IOP 

(phasel) 

Iaeremeater 

output 

The  iaeremeater  output 
(IOP)  is  oae  of  the  four 
address  sources  for  the 
microprogram  address(Y). 
Pin  29  is  the  LSB.  Pin  18 
is  the  MSB. 

5 

C 

(phasel) 

Clear/ 

Control  sigaal  from  PLA 
to  the  iaeremeater.  Vhen 
high  forces  the  IOP  low. 

Refer  to  Figure  2.1.1  for  the  execution  example  of 
the  INC  LOGIC. 

Instead  of  12  bits  only  4  bits  have  been  considered 
for  the  sake  of  explanation.  Let  the  value  Y  *  Tj  Y^  Yq  * 
1010.  The  incrementer  consists  of  an  inpnt  latch,  INC  LOGIC 
(consisting  of  incrementer  carry  chain  and  EX-OR)  ,  and  an 
output  latch.  The  inputs  (Y)  to  the  carry  chain  are  sampled 
in  phasel,  the  INC  LOGIC  is  evaluated  in  phase2  with  the 
output  of  the  INC  10GIC  (I)  latched  and  available  (as  IOP) 
in  the  next  phasel.  According  to  the  switch  level 
representation,  as  shown  in  the  figure,  the  precharge  signal 
(phaseP)  for  the  INC  CAR  CHAIN  is  phase2’.  But  according  to 
the  transistor  representation  the  signal  that  controls  the 
gate  of  the  pMOS  transistor  is  phaseP'  which  is  phase2.  The 
LSB  of  the  INC  LOGIC  is  reduced  to  that  of  a  simple  inverter 
and  a  phase2  nMOS  switch  is  added  as  shown  in  the  figure  to 
make  sure  that  there  is  no  path  to  ground  (in  case  Pq  is  *0 
in  phasel)  during  the  precharge  period.  This  is  not  required 
at  other  stages  since  both  the  carry-in  and  the  carry-out 


are  precharged  high. 


(iii)  The  switching  threshold  voltage  of  a  classic  CMOS 
inverter  [2],  VINV,  at  which  point  VIN  *  VOOT,  is  given  by 
the  following  equation: 

VDD  +  VTP  +  VTN ( BR** 1/ 2 ) 

VINV  -  - 

(1  +  BR**l/2 ) 

where  VTP  and  VTN  are  the  p-channel  and  n-channel  threshold 
voltages  respectively,  VDD  is  the  power  supply  voltage,  BR 
is  the  ratio  of  BN  (beta  of  the  n-type  transistor)  to  BP 
(beta  of  the  p-type  transistor).  The  inverter  switching 
point  can  be  changed  by  changing  the  relative  aspect  ratios 
of  the  devices.  The  inverter  can  detect  a  '1*  input  faster 
if  the  n-type  device  is  larger  than  the  p-type  device,  which 
■eans  the  beta  ratio  should  be  larger.  It  can  detect  a  'O' 
input  faster  if  the  P  device  is  larger  than  the  N  device 
i.e.  the  BR  is  reduced. 

The  process  used  in  fabricating  these  CMOS  devices 
is  a  p-well  process.  The  general  procedure  is  to  start  with 
a  p-well  on  an  n-snbstrate  and  then  synthesize  n-type 
devices  in  the  p-well  and  p-type  devices  on  the  n-snbstrate. 
The  source-body  junction  (n+p  junction  in  NMOS  devices  and 
p-*-n  junction  in  PMOS  devices)  is  reverse-biased  to  restrict 
the  flow  of  carriers  to  the  channel  between  source  and  drain 
12]  . 


Figure  3.1.i  shows  an  NMOS  device  where  the  body  is 


usually 

connected 

to 

ground.  The  source 

-body  voltage 

is 

denoted 

by 

VSB  and 

is 

non-negative  for 

NMOS  devices  . 

The 

threshold 

voltage 

o  f 

NMOS  transistor 

is  given  by 

the 
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CHAPTER  3 

MICRO SEQUENCER  CIRCUIT  STYLES  AND  LAYOUTS 

This  chapter  provides  the  basic  descriptions  of 
devices,  circuits  and  fabrication.  Basic  circuit  concepts 
are  explained  first,  followed  by  a  discussion  on  clocked 
CMOS  and  then  illustrating  some  special  circuit 
applications.  Finally,  the  floor  plan  of  the  aicrosequencer 
is  discussed. 

3.1.  CIRCUIT  CONCEPTS 

This  section  discusses  soae  of  the  basic  CMOS 
circuit  concepts  which  have  been  applied  in  designing  the 
aicrosequencer.  For  details  of  all  the  circuits  and  their 
corresponding  layouts,  refer  to  the  cell  library  in  Appendix 
C.  It  is  useful  to  understand  the  following  points  while 
dealing  with  circuit  design  froa  the  device  point  of  view: 


(i)  The  ratio  (T/L) 

of  the  width 

,  w. 

to  the 

length , 

L ,  of 

the  MOS  transistor 

gate 

is  soaetiaes 

referred  to 

as  MOS 

transistor  'aspect 

ratio 

'  .  The 

gain 

o  f  the 

transistor  is 

proportional  to  the 

gate 

aspect 

ratio 

,  and  so 

is  the 

speed 

of  the  logic  circuits  forned  using  MOS  transistors. 

(ii)  The  product  of  K'(W/L)  is  referred  to  as  the 
'transistor  gain  factor',  B  (beta).  K*  is  the  ’process  gain 
factor'  which  is  approx iaate ly  2  to  3  tiaes  greater  for  NMOS 
devices  than  for  PMOS  devices. 


\ 


This  itctioa  contains  the  pin  diagraa  of  the 
Latches  along  with  the  table  of  the  signal  definitions. 


I 


Table  2.7.  SIGNAL  DEFINITIONS  OF  THE  ADF  LATCHES 


PIN 

NO ( s )  ABBREVIATION  NAME  FUNCTION 


5-16  ADF  Explicit  12-bit  ADF  field  of  the 

(phase2)  address  aioroinstruction  which 

field.  is  saapled  in  phase2. 

Pin  16  is  the  LSB .  Pin  5 
is  the  MSB. 

17-28  A  ADF  Latches  Stable  ADF  Latches  output 

(phasel)  output  in  phssel.  It  can  be  an 

explicit  address  source 
for  MUZ1  or  a  count  for 
the  decreaenter.  Pin  21 
is  the  MSB  if  it  is  a 
count*  Pin  17  is  the  MSB 
if  it  is  an  address 
source.  Pin  28  is  the 
LSB  in  both  cases. 
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This  section  consists  of  the  pin  diagraa  of  the 
instruction  PLA.  table  of  the  signal  definitions,  and  the 
binary  equivalent  of  the  truth-table  for  the  instruction 
PLA  (Table  2.6.) . 

Figure  2.6.  PIN  DIAGRAM  OF  THE  INSTRUCTION  PLA 
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Table  2.6.  SIGNAL  DEFINITIONS  OF  THE  INSTRUCTION  PLA 


ABBREVIATION 


FUNCTION 


5  Z 

(phase2) 


(phase2 ' * 
phasel ' ) 


9  BR 
(phase2) 


ZD  output 


Test  bit 


4-bit 

branch 

field 


Zero  detector  output, 
which  is  an  input  to  PLA 

Test  bit  coses  froa  the 
data  path.  Set  by  the 
status  register 
according  to  the  3-bit 
condition  (CD)  field  of 
the  aicro instruct  ion .  T 
is  one  of  the  inputs  to 
PLA  in  phasel . 

4-bit  branch  instruction 
field  froa  the 
aicro ins t rue t ion .  Select 
one  of  the  11  sequence 
control  instructions , 
aost  of  which  are 
conditional  on  Z  or  T. 


E  :  The  controls  hawe  already  been  explained  in 

conjunction  with  other  aacros  of  the  aicrosequencer 


This  section  oontsins  the  pin  diagrsa  end  the  signal 
definitions  of  MUX1 . 


Figure  2.5.  PIN  DIAGRAM  OF  MUX1 
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Table  2.5.  SIGNAL  DEFINITIONS  OF  MULTIPLEXER  1 


PIN 

NO ( s )  ABBREVIATION  NAME  FUNCTION 


57-68 

Y 

(phasel) 

Mioroprograa 

address 

MUX1  output,  vhioh  is  the 
aicrosequeneer  output. 

45-56 

M 

(phasel) 

Mapped 

output 

Map  Logic  output,  which 
is  an  address  source  (M) . 

33-44 

A 

(phasel) 

ADF  Latches 
output 

Stable  address  source 
for  MUX1  in  phasel. 

21-32 

F 

(phasel) 

SS  output 

SS  Stack  top  (F) ,  which 
is  the  return  address. 

9-20 

IOP 

(phasel) 

Increaenter 

output 

Sequential  address. 

8 

SM 

(phasel ) 

Select 

M 

MUX1  selects  the  Mapped 
output  (M) . 

7 

SF 

(phasel) 

Select 

F 

MUX1  selects  the  return 
address  froa  SS  (F)  . 

6 

SI 

(phasel ) 

Select 

IOP 

MUX1  selects  the  output 
of  the  increaenter  (IOP). 

5 

SA 

(phasel) 

Se lect 

A 

MUX1  selects  the  ADF 
lstches  output  (A) 

i. 
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Assuae  that  a  coast  'Nl'  is  loaded  into  the  DEC  at 
aioroprograa  address  10  and  let  the  RFCT  instruction  be  at 
locations  16  and  19.  Microinstruction  at  address  12  is 
executed  and  at  13  a  new  count  *N2'  is  loaded  for  loop  2, 
pushing  the  previously  loaded  count  onto  the  stack.  Refer  to 
Figure  2.3.iii,  which  shows  the  nesting. 

Loop2  is  executed  (N2+1)  tiaes  since  zero  detection 
is  done  prior  to  decreaentation  as  explained  in  the 

instruction  set  section  of  Appendix  A.  When  the  exit  at 

loop2  occurs,  the  aioroprograa  control  falls  through  17  to 
19.  Since  Nl  is  decreaented  once,  the  control  goes  back  to 
address  11  to  execute  loopl.  When  the  control  goes  to 

address  13,  the  count  N2  is  pushed  onto  the  top  of  the  stack 

again  but  this  tiae  pushing  the  decreaented  count  (Nl-1) 
onto  the  stack.  In  this  way  Loop2  is  executed  ( Nl+1 ) * ( N2+1 ) 
tiaes.  Refer  to  Appendix  A  for  the  exact  sequence  of 
execution  of  branch  instructions. 

2.4.  MAP  LOGIC 

This  section  consists  of  the  pin  diagraa  of  the  MAP 
Logic  along  with  the  table  of  the  signal  definitions. 

Figure  2.4.  PIN  DIAGRAM  OF  THE  MAP  LOGIC 
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Table  2.4.  SIGNAL  DEFINITIONS  OF  MAP  LOGIC 


PIN 

NO ( s )  ABBREVIATION  NAME  FUNCTION 


3-9  OC 

( pha  s  e  2 ) 


6-17  M 

(phasel ) 


Operation 

code 

(op-code ) 


Macro-operation  part  of 
the  aachine  instruction. 
Pin  9  is  the  LSB .  Pin  5 
is  the  MSB. 


Mapped  The  Map  logic  converts 

output  the  5-bit  op-code  into 

a  12-bit  Mapped  output 
by  clearing  the  7  aost 
significant  bits  and 
transferring  the  3-bit 
op-oode  into  the  5  least 
significant  positions. 


Refer  to  Figure  2.3.1. 

DBC  LOGIC  coneiats  of  DBC  CAR  CHAIN  end  EZ-OR  et 
shown  in  Figure  2.3.1.  Instead  of  8  bits  of  the  count  only  4 
bits  are  considered  for  explanation.  Choose  L  *  L ^  L^  Lq 

*  1010  and  '  Lj  '  L^ *  Lq  '  *  0101.  The  carry  chain  is 

precharged  in  phase2*  and  evaluated  in  phase2.  The  LSB  is 
modified  to  reduce  the  logic  to  a  simple  inverter  and  a 
phaso2  nMOS  switch  is  added  to  disable  the  path  to  ground 
which  may  exist  if  the  LSB  of  L  is  0  when  it  is  sampled  in 
phasel. 


Refer  to  Figure  2.3.ii. 

ZD  is  a  NOR  gate  whose  inputs  are  the  8  bits  of  LCR 
(L) .  The  4  main  operations  of  the  decrementer  are  LOAD,  HOLD 
(HOLD  holds  the  whole  stack  in  its  place),  DECREMENT  (load 
the  DOP  back  into  the  DEC  while  holding  the  stack,  excluding 
the  stack  top),  and  POP  as  shown  below  : 


OPERATIONS 

ACTIVE 

CONTROLS 

FOR 

DEC 

FOR  LCS 

STACK 

OPERATION 

FOR 

DEC  MUX 

LOAD  the  DEC 

phaselF^ 

LC 

• 

phasel 

(with  an  external 

phase2F. 

PUSH 

count ) 

phaselB^ 

• 

HOLD  the  DEC 

phaselB. Q 

BOLD 

phase2F£S 

DECREMENT 

phaselB^ 

HOLD 

LD 

• 

phasel 

phase2F^ 

POP 

phaselB. 

POP 

LL 

* 

phasel 

(the  whole  stack) 

phase2F. 

phaselF. 
(phasel) U 


LCS  phasel 
forward 


Subscript  'L' 


17 

phase2F. 

LCS  phase2 

indicates  a  control 

(phas  e2) 

forward 

signal  froa  the  PLA  to 
the  loop  counter  stack 

18 

phaselBT 

LCS  phasel 

which  is  a  push-down 

(phasel) ** 

back 

staok  similar  to  SS. 

The  loop  counter  stack's 

19 

phase2B. 

LCS  phase2 

first  word  (staok  top) 

(phase2) 

back 

is  different  froa  that 
of  SS  and  has  a  special 

phaselB. _ 
(phasel)1'* 

Staok  top 

control  phaselB^g  for 
the  staok.  This  contro 1 
is  used  with  the  other 
four  stack  controls  to 
control  the  LCS.  The 
subscript  'L'  in  all 
these  control  signals 
shows  that  they  are 
associated  with  LCS. 

control  for 
LCS 

-15 

N 

External 

The  8  least  significant 

(phasel) 

count  (N) 

bits  of  the  ADF  field  of 
the  aicroinst ruction  are 
used  as  count  for 
looping.  Pin  15  is  the 
LSB .  Pin  8  is  the  MSB. 

21 

Z 

Zero 

The  ZD  checks  for  all 

( phas  e2 ) 

detec  tor 
(ZD)  output 

zeros  in  the  output  of 
loop  counter  register 

(DEC  LATCH  in  DEC) .  Z  is 
high,  when  the  LCR  has 
all  zeros.  Z  is  one  of 
the  inputs  to  the  PLA . 

LD  is  high  as  long  as 
Z  is  low,  i.e.,  LCR  f  0. 

The  stack  operations  are  performed  as  explained  below  : 


PUSH  : 

POP 

HOLD 

HOLD* 

CLEAR: 


phase 1F^ 
phase2 . 
phaselB. 
high  in 
(To  hold 
phaselBr 
phase2 . 
(To  hold 
phaselB^ 
phase2F. 
PUSH  a  z 


high  in  phasel  with 

and  LL  high  in  phas 
phas e2  . 

the  stack  exolnding 
high  in  phasel  with 

the  stack  including 
and  phaselB. ~  high 
high  in  phase2  . 
ero  . 


phase2F^  high 

el  with  phase2B 

the  staok  top) 
phase2v  high 

the  stack  top) 
in  phasel  with 


in 

L 

in 


The  following  section  contains  the  pin  diagran  of 
the  deeteaenteii  table  of  the  signal  definitions,  and 
an  execution  example  illustrating  the  deereaenter  logic. 


Figaro  2.3.  PIN  DIAGRAM  OF  THE  DECREMENTBR 
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Table  2.3.  SIGNAL  DEFINITIONS  OF  THE  DECHEMENTBK 


PIN 

NO  (  s ) 

ABBREVIATION 

NAMB 

FUNCTION 

6 

LD 

(phasel) 

Load 

deereaenter 
output  (DOP) 

Control  signal  from  PLA 
to  deereaenter.  When 
high,  loads  the  DOP 
back  into  the  DEC. 
(Internal  operation.) 

7 

LC 

(phasel) 

Load  external 
count  (N) 

Control  signal  from  PLA 
to  DBC.  When  high,  loads 
oount  N  into  the  DEC. 

3 

LL 

(phasel) 

Load  second 
word  (LCS2) 
of  LCS 

Control  signal  from  PLA 
to  deereaenter.  When 
high,  loads  the  second 
word  of  the  LCS  into  the 
DEC  LATCH.  (Internal 
operation.)  Stack  top 
is  the  first  word. 

NOTE  :  Decrementation  is  performed  unconditionally  but  the 
decremented  output  (DOP)  is  loaded  if  LD  is  high.  LC,  LD , 
and  LL  are  select  controls  for  the  DEC  MUZ  (in  DBC)  whioh 
seleots  between  the  external  count  (N) ,  the  DEC  output 
(DOP),  and  the  second  word  of  the  LCS  (LCS2)  to  be  loaded 
into  the  loop  counter  register  (LCK)  of  the  deereaenter. 


II 


jrtll 


This  sootion  consists  of  the  pin  diagraa  of 
subroutine  stuck  along  with  the  signal  definitions. 

Figure  2.2.  PIN  DIAGRAM  OF  THE  SUBROUTINE  STACK 
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TABLE  2.2.  SIGNAL  DEFINITIONS  OF  THE  SUBROUTINE  STACK 


PIN 

NO  ( s ) 

ABBREVIATION 

NAME 

FUNCTION 

10-21 

IOP 

Increaenter 

Input  to  the  subroutine 

(phasel) 

output 

staok.  Pin  21  is  the 

LSB .  Pin  10  is  the  MSB. 

22-33 

F 

Subroutine  _ 

The  SS  output  (Stacktop) 

(phasel) 

stack  (SS) 
output 

vhioh  is  the  return 
address.  Pin  33  is  the 
LSB.  Pin  22  is  the  MSB. 

8 

phaaelF 

phasel 

*  * 

(phasel) 

f orvard 

phaselF,  phase2F, 
phaselB,  phase2B  are  the 

7 

phase2F 

phas  e2 

control  signals  froa 

(phase2) 

f orvard 

PLA  to  subroutine  stack. 
phaselF,  phaselB  are 

6 

phas  elB 

phasel 

active  in  phasel;  and 

(phasel) 

back 

phase2F,  phaso2B  are 
active  in  phase2.  The 

5 

phase2B 

phase2 

stack  operations  PUSH, 

(phase2) 

back 

POP,  HOLD,  CLEAR  are 
perforaed  as  explained 

Unless  otherwise  stated 


the  W/L  ratio  of  all  the 


devices  (both  p-type  and  n-type)  is  chosen  as  2:1,  with  L*2 
laabda  being  fixed  for  the  technology.  Laabda  is  the  basic 
unit  of  length  aeasnreaent  in  doing  layouts  and  is  equal  to 
the  fundaaental  resolution  of  the  fabricating  process  itself 
[5].  This  ratio  has  been  chosen  as  a  coaproaise  between 
transistor-gain  and  layout-density.  If  the  V/L  ratio  is  aore 
than  2,  the  layout  area  increases;  if  it  is  less  than  2,  the 
gain  decreases  [9].  The  latches  used  throughout  the  design 
are  classic  CMOS  D  latches  [9].  Refer  to  Figure  3.1.ii  for  a 
logic  diagraa.  Input  D  is  saapled  when  switch  S  is  closed 
and  latched  when  switch  H  closes.  The  output  Q  is  stable 
when  the  feedback  switch  is  closed.  For  the  circuit 
scheaatic  and  layout  refer  to  the  cell  library  in  Appendix 
C.  Circuits  are  buffered  wherever  possible  to  achieve  better 
voltage  transfer  characteristics  and  larger  noise  aargins 
than  unbuffered  gates. 

3.2.  CLOCKED  CMOS 

The  problea  with  classic  CMOS  is  that  it  requires  a 
pair  of  transistors  for  each  gate  input.  Refer  to  Figure 

3. 2.  a  for  an  8-input  classic  CMOS  NOR  gate  which  requires  8 
n-trans istors  and  8  p-transistors.  Moreover,  the  series 
coabination  of  8  p-transistors  results  in  very  slow  circuit 
operation.  Therefore  a  clocked  version  of  CMOS  [7]  is  used 
in  the  design  which  achieves  higher  layout  density  and 
better  perforaance.  Since  dyneaie  (clocked)  techniques  are 
utilized,  careful  considerations  of  charge  splitting  [7]  are 


observed.  The  signals  in  MOS  devices  are  stored  as  charges 
on  capacitors.  Charge  splitting  is  a  phenomenon  of  signal 


losses  dne  to  the  charges  split  by  parasitic  capacitances. 


which  are 

invariably  present  in 

MOS 

devices . 

Figure 

3.2 

illustrates 

two  different  versions  of  clocked 

CMOS 

gates 

which 

use 

parallel  connected  NMOS 

devices . 

(There 

are 

several 

other  versions  [7],  but 

only 

those  used  in 

this 

design 

are 

discussed.)  There  are 

two 

f ami lies 

of  clocked 

CMOS  : 

the 

ripple  variety  without 

the 

e va luat ion 

device 

,  and 

the  gated  variety  which  responds 

to 

an  evaluation  signal. 

Note  that  n-type  logic  is»complementary  to  p - 1 yp e  logic, 
i.e.,  parallel  p-type  logic  NAND  gate  is  equivalent  to  a 
series  n-type  logic  NAND  gate,  and  viee-versa. 

3,3,1,  snvn 

Figure  3.2.  i  shows  one  version  of  the  gated  variety 
of  clocked  CMOS  called  the  'Nfla'  type  eireait  since  it 
refers  to  the  gated  variety,  and  the  fact  that  its  inputs 
■ust  be  driven  from  an  ’active’  souroiag  output  to  prevent 
charge  splitting.  As  illustrated  ta  the  figure,  the  outputs 
driving  this  gate  aest  be  able  to  supply  eerreat  froe  the 
positive  supply  for  a  *1'  iapat  vbes  iMliatioi  device 
is  turned  on.  During  preehsrge  the  output  of  the  NGa  gate  is 
precharged  high.  One  iaput  it  pretaued  to  be  preoharged 
high,  resulting  ia  the  (ooaaoi)  sources  of  the  logic  devices 
being  precharged  high  to  withia  one  threshold  below  +V.  The 
channel  is  only  weakly  induced  ia  this  ease.  When  the 
evaluation  device  is  turaed  ou,  the  source  node  is  pulled  to 


ground  with  coupling  through  the  full  gate  capacitance  to 
the  input  nodes  . 

Note  that  if  there  is  no  active  source  for  charging 
this  coupling  capacitance,  then  the  input  signal  level  is 
pulled  toward  ground,  reducing  the  effective  drive  of  the 
input.  The  nagnitude  of  this  signal  loss  depends  on  the 
effective  node  capacitance  of  the  input  and  the  coupling 
capacitance  of  the  gate.  A  classic  inverter  or  a  P-gate  can 
supply  the  necessary  current  to  provide  the  full  input  drive 
voltage.  Note  also  that  the  evaluation  device  can  be  shared 
with  other  NGa  gates. 

3.2.  ii.  NGc  CIRCUIT 

Figure  3.2.ii  shows  the  other  version  of  gated 
variety  called  an  'NGc'  type  circuit  which  has  the 
evaluation  device  between  the  output  node  and  the  coaaon 
drains  of  the  logic  devices.  The  'c'  in  NGc  refers  to  the 
fact  that  for  large  fan-in,  the  circuit  requires  a  large 
capacitance  at  the  output  node  to  minimize  charge  splitting. 
During  precharge  the  output  is  precharged  high  and  the 
common  drains  of  the  logic  devices  are  presumed  to  be 
discharged  low.  If  the  inputs  are  subsequently  discharged  to 
ground  and  then  the  evaluation  device  is  turned  on,  only  the 
output  capacitance  can  supply  the  current  to  charge  the 
common  drain  node  which  has  a  large  capacitance  on  it.  The 
resulting  charge  splitting  may  reduce  the  ouput  signal  to  an 
unacceptable  level;  e.g.,  if  the  output  is  driving  a  simple 


inverter  (minimum  fsn-out)  and  the  fan-in  is  large,  then  the 
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large  effective  capacitance  on  the  coiaon  drain  node  nay 
veil  dominate  the  small  load  capacitance,  leading  to 
effectively  less  than  *1*  output.  Both  the  versions,  NGa  and 
NGc  ,  provide  the  NOR  logic  function. 

3.2.  Hi  and  iv.  PGa  and  PQc 

Dual  versions  exist  in  the  P-Gate  type  but  the  logic 
function  is  NAND ,  rather  than  NOS,  since  parallel  p~type 
logic  is  equivalent  to  series  n-type  logic  [9].  PGa  type 
circuits  are  similar  to  the  NGa  forms  from  a  circuit  point 
of  view  vith  parallel  P  devices  used  instead  of  parallel  N 
devices;  the  output  is  p’recharged  low  by  an  N-transistor  and 
conditionally  pulled  high  by  a  P-trans istor .  Refer  to  Figure 
3.2. iii  for  a  PGa  circuit.  The  principal  problem  vith  the 
PGa  type  circuit  is  that  it  cannot  supply  a  good  '1' 
(greater  than  the  svitching  threshold  of  the  next  stage)  at 
the  output  if  not  driven  from  an  active  source.  The  PGc  type 
is  shovn  in  Figure  3.2.iv  and  requires  a  large  capacitance 
at  the  output  node  to  avoid  charge  splitting. 

3.3.  SPECIAL  CIRCUIT  APPLICATIONS 

This  section  discusses  only  special  circuit 
applications  intended  to  illustrate  some  of  the  concepts 
presented  in  the  preceding  sections. 

3.3,1.  CARAT  CHAIN 

The  general  carry  chain  concept  has  already  been 
explained  in  chapter  2  on  macros,  and  the  INC/DEC  carry 
chains  are  explained  in  detail  in  chapter  2  and  Appendix  B; 


so  the  circuit  diagram  is  not  presented  here.  It  has  been 
aentioned  in  chapter  2  that  the  buffers  have  been  interposed 
every  fourth  stage  of  the  carry  chain  to  ainiaize  the 
propagation  delay.  This  has  been  verified  by  SPICE 
sianlation.  Also,  the  aspect  ratios  of  the  devices  used  in 
the  carry  chain  played  an  iaportant  role  in  deteraining  the 
propagation  delay.  Sianlations  of  the  carry  chain  indicated 
that  the  propagation  delay  reduces  with  an  increase  in  the 
V/L  ratios  of  the  pass  transistors.  The  V/L  ratio  of  the 
pass  transistors  has  been  chosen  to  be  3:1  since  increasing 
the  W/L  ratio  further  increases  the  input  capacitance  on  the 
pass  transistors  which  will  subsequently  load  the  latches 
that  drive  the  carry  chain. 

The  main  problem  encountered  with  the  carry  chain, 
as  already  mentioned,  is  the  propagation  of  the  'O'  signal. 
The  BR  of  the  first  inverter  used  in  the  buffers,  interposed 
every  fourth  stage  in  the  carry  chain,  is  decreased  (larger 
P  device)  so  that  it  can  detect  a  '0'  signal  faster.  The  BR 
of  the  second  inverter  in  the  buffer  has  a  high  beta  ratio 
(larger  N  device)  so  that  it  can  detect  a  *1'  signal  faster. 
The  output  of  the  buffer  is  the  carry-in  to  the  next  stage. 
This  reduces  the  delay  relative  to  buffers  having  regular 
W/L  ratios  (2:1). 

3.3.  ii.  ZERO  DETECTOR  (ZD) 

The  ZD  used  in  the  decrementer  is  an  NGa  type  as 
discussed  earlier  in  the  chapter.  Refer  to  Figure  3.2.i  for 
this  circuit  diagram.  The  ZD  is  an  8-input  NOR  gate  which 
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checks  for  all  zeros  in  the  loop  counter  register  (LCR) .  The 
NGa  version  has  been  chosen  since  the  LCR  (DEC  LATCH) 
provides  the  aotive  inputs  for  the  gate.  Refer  to  Figure  2.3 
of  the  deereaenter  in  chapter  2  for  the  interface  between 
LCR  and  ZD.  Note  that  this  is  a  clocked  NOR  gate  which  uses 
8  n-trans istors  (in  parallel),  one  p-type  precharge  device 
and  one  a- type  evaluation  device  as  opposed  to  the  classic 
CMOS  NOR  gate  which  requires  8  n-trans istors  and  8 
p-trans istors  . 

3.3.iii.  Programmable  Logic  Array  (PLA) 

The  basic  PLA  concept  has  been  explained  in  chapter 
2  and  Appendix  B.  The  discussion  which  follows  is  on  the 
input/output  circuitry  for  the  PLA.  Since  the  inputs  needed 
to  be  stable  by  the  time  the  evaluation  device  is  turned  on, 
they  are  sampled  in  the  appropriate  time  and  are  stable  in 
phasel,  as  explained  in  the  PLA  macro  of  Appendix  B. 

The  inputs  to  the  PLA  must  be  complemented  to  drive 
the  AND-plane.  An  initial  decision  was  made  to  gate  the 
inputs  to  the  AND-plane  in  phasel  (make  them  aotive)  ,  as 
shown  in  Figure  3.3.  This  was  done  to  precharge  the 
AND-plane  inputs  low,  which  drive  series  n-type  devices,  so 
as  to  turn  then  off  during  the  AND-plane  precharge  period. 
Hence  the  evaluation  device  can  be  deleted  to  reduce  the 
number  of  n-trans istors  in  series  and  thus  reduce  the  delay 
in  the  AND-plane.  However  there  are  charge  splitting 


considerations  with  this  scheme. 


Refer  to  Figure  3.4. i  for  the  interface  between  the 
AND-plane  and  the  gating  devioes.  During  the  precharge 
period  the  output  of  the  AND-plane  is  precharged  high  b y  the 
p-type  device  and  all  the  inputs  to  the  AND-plane  are 
precharged  low  by  the  gating  device.  Let  us  assuae  that  by 
the  tiae  the  evaluation  device  is  turned  on,  the  inputs 
ABCDB  are  11100  so  that  all  the  series  N  transistors  are  on 
except  the  two  least  significant  ones;  and  the  NAND  gate 
output  should  be  '1*.  Assuae  that  node  X  did  not  get 
charged,  since  the  n-trans is  tor s  were  off  during  precharge, 
so  that  it  stays  low.  Node  X  aay  act  as  a  'virtual  ground’, 
discharging  the  output  'S'  through  the  conducting  n-type 
devices  leading  to  an  incorrect  output  signal.  This  problea 
aay  arise  if  the  nuaber  of  series  N  devices  in  the  AND-plane 
is  large.  Also,  there  should  be  a  gating  device  for  each 
input  and  its  coapleaent.  The  inputs  aust  be  coapleaented 
before  they  are  used  by  the  gating  circuitry;  so  inverters 
aust  be  added  to  provide  the  ooapleaents.  For  these  reasons, 
the  concept  of  gating  the  PLA  inputs  was  abandoned. 

Latching  the  PLA  inputs,  providing  the  ooapleaents, 
and  gating  the  AND-plane  circuitry  has  been  selected  for 
this  design.  The  inputs  are  sanpled  in  phasel  ’  (except  for 
the  T  bit  which  is  sanpled  in  phasel '  *phase2  ’  following 
phase2)  and  are  stable  in  phasel.  Refer  to  Figure  3.4.ii  for 
the  interface  between  the  AND-plane  and  the  PLA  input 
latohes.  The  evaluation  devices  are  added  with  this  scheae 
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to  ensure  that  there  is  no  path  to  ground  daring  the 
precharge  period.  Note  that  the  inpnts  to  the  AND-plane  nay 
be  high  daring  precharge  since  they  are  driven  by  latches. 
This  scheae  facilitates  the  series  N  devices  in  the 
AND-plane  being  precharged  before  evaluation  takes  place. 
This  will  minimize  the  problem  of  incorrect  logic  due  to 
'virtual  ground* ,  as  in  the  case  of  gating  circuitry.  One 
more  advantage  with  this  scheme  is  that  the  latches  provide 
the  inputs  as  veil  as  their  complements  to  drive  the 
AND-plane.  The  disadvantage  with  this  scheme  is  that  the 
number  of  series  N  devices  in  the  AND-plane  is  large,  with 
the  addition  of  the  evaluation  device,  thus  increasing  the 
delay  in  the  evaluation  of  the  AND-plane.  The  PLA  input 
latches  are  made  of  high  gain  inverters  since  they  have  to 
drive  large  capacitances  present  at  the  input  nodes  of  the 
n-trans istors  in  the  AND-plane.  This  is  done  in  order  to 
reduce  the  sampling  time  since  the  output  of  the  second 
inverter  in  the  latch  should  provide  a  logic  level  suitable 
to  turn  the  first  inverter  on  or  off,  by  the  time  the 
feedback  switch  closes.  This  has  been  verified  by  SPICE 
simulation. 

The  OR-plane  uses  the  PGa  version  to  realize  the 
NAND  logic.  Outputs  of  the  OS-plane  go  through  Hi— Gain 
buffers  to  drive  the  microsequencer  logic.  The  OS-plane  is 
evaluated  in  phasel  but  some  of  the  controls  (pbase2F, 
phase2B,  phase2FL,  and  phase2BL>  have  to  be  valid  until 
phase2.  Therefore  these  buffers  are  gated  in  phase2  to 
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If  the  continue  intruction  executes  correctly.  the 
other  instructions  ere  tested  es  follows 


First  the  instructions  CJS,  CRTN,  CJA,  and  LOOP  should  be 
tested,  each  with  the  CONT  instruction  after  the  JMAP 
instruction  so  that  the  starting  location  could  be  fixed  as 
10  by  loading  an  op-code  of  9  with  the  JMAP  instruction. 
This  takes  testing  coapatible  with  the  explanation  of  branch 
instructions  in  Appendix  A  where  the  starting  location  is 
always  chosen  to  be  10,  except  for  the  JZ  instruction.  Since 
CRTN  needs  a  return  address  it  is  used  in  conjunction  with 
CJS.  The  test  code  for  the  above  instructions  is  shown  in 
Table  4.2. 


IA1LB  .4, 3.  i. _ TEST  CODE  FOR  CJS  ANP  CRTN. 


NAME  BE  T  ADF  OC  EXPECTED  OUTPUT  Y 

(phase2)  (phasel  ’  (phase2)  (phase2)  (phasel) 

. pha s e2  '  ) 

c  _ 

_  _  _ .  o, 


JMAP 

2 

X 

0 

9 

9 

CONT 

X 

X 

X 

10 

X 

X 

X 

11 

CONT 

10 

X 

X 

X 

12 

CJS 

1 

X 

X 

13 

CJS 

1 

i 

$0 

X 

60 

CONT 

mm 

X 

X 

X 

61 

CONT 

BJ m" 

X 

X 

X 

62 

CONT 

X 

X 

X 

63 

CRTN 

6 

0 

X 

X 

64 

CRTN 

6 

1 

X 

X 

13 

64 


CHAPTER  4 

FUNCTIONAL  TESTING  OF  THE  MICROSEQUENCER 

This  chapter  explains  the  functional  testing  of  the 
■ic r o s e qnenc e r  chip.  Decimal  values  have  been  used  in  the 
test  codes  for  convenience.  The  tables  inclnde  the  expected 
output  (the  microprogram  address  7).  in  phasel.  Inputs  are 
4-bit  BR  field,  5-bit  op-code  (OC)  ,  12-bit  ADF  in  phase2, 
and  test  flag  T  in  phasel ' *phase2 ' .  ADF  and  7  share  the  same 
pins  with  ADF  being  valid  inpat  in  phaso2  snd  7  being  valid 
output  in  phasel. 

The  eleven  branch  instructions  should  be  tested, 
with  independent  instructions  like  JZ  and  JMAP  being  tested 
first  since  these  instructions  do  not  depend  upon  the 
previous  address  of  the  microsequencer .  Then  the  CONT 
instruction  is  tested  with  JZ  as  well  as  JMAP.  CONT  is  the 
most  frequently  used  branch  instruction.  Table  4.1  shows  the 
test  code  for  the  JZ  instruction,  which  includes  a  zero  in 
the  ADF  field  to  clear  the  LCS,  JMAP  and  CONT  instructions. 
Refer  to  Appendix  A  to  see  the  effect  of  the  testing  on 
different  blocks  of  the  miorosequencer . 

TABLE  4.1.  TEST  CODE  FOR  CONT  WITH  JZ  AND  JMAP 

NAME  BR  T  ADF  OC  EXPECTED  OUTPUT  7 

(phase2)  (phasel*  (phase2)  (phase2)  (phasel) 

.phase2 ' ) 

JZ  0  X  0  X  o- 

CONT  10  X  XX  1 

JMAP  2  X  X  9  9 

CONT  10  X  X  x  10 


Figure  3. 9. i.  Layout  of  Incrementer 


vertical  direction  in  tush  a  way  that  they  do  not  interfere 
with  the  controls  from  the  PLA.  The  address  bus  is 
preeharged  nsing  P-gates  with  a  f/L  ratio  of  4:1  in  phasel* 
and  conditionally  discharged  through  N— gates  having  W/L 
ratio  of  4:1.  These  ratios  were  chosen  since  the  bus  has  a 
large  capacitance. 

The  final  layout  of  the  aiorosequencer  is  shown  in 
Figure  3.8  with  Figure  3.9  showing  the  layouts  of  macros 
used  in  the  aierosequencer . 


c omnon-dr a  in  node  is  precharged  high  by  a  p-type  device.  The 


output  stays  high  if  the  selected  address  source  is  high  and 
gets  discharged  if  the  selected  address  source  is  low.  This 
results  in  a  coaaon  source  node  of  operation  with  no 
body-effect . 

3.4.  FLOOR  PLAN  OP  THE  MICRO SEQUENCER 

Floor  plan  of  the  aicrosequencer  is  the  geoaetrical 
and  topological  arrangeaents  of  the  aicrosequencer ' s  aacros 
(also  called  subsysteas).  The  plan,  shown  in  Figure  3.7,  is 
coaposed  of  subsysteas  built  of  horizontal  slices  that  are 
then  stacked  vertically.  The  individual  aacros  are  then 
placed  horizontally  to  constitute  the  final  chip.  Note  that 
the  floor  plan  shown  in  the  figure  does  not  include  the  I/O 
fraae,  since  the  I/O  fraae  is  a  different  project  [3].  The 
I/O  fraae  is  used  by  the  aicrosequencer  circuit  to  coaplete 
the  final  chip.  For  a  detailed  layout  of  the  aicrosequencer 
chip  refer  to  the  end  of  this  chapter.  Also,  the  layouts  of 
each  aacro  are  included  at  the  end  of  the  chapter.  The  floor 
plans  of  the  aacros  are  explained  in  Appendix  B. 

The  following  points  were  taken  into  consideration 
when  deciding  upon  the  fraaework  of  the  plan.  Controls  froa 
PLA  run  in  first  aetal  [3]  in  the  vertical  direction;  power 
supp ly , ground  and  data  flow  in  second  aetal  [9]  in  the 
horizontal  direction.  Local  interconnections  are  aade  out  of 
first  aetal  and  poly  [3].  Second  aetal  is  restricted  to 
global  interconnections.  Buffers  for  the  clocks,  phasel  and 
phase2,  are  placed  at  the  bottoa  to  drive  the  clocks  in  the 


provide  the  phese2  controls.  Refer  to  Figures  3.5  end  3.6 
for  phesel  buffers  end  phese2  buffers  (geted  in  phese2)  . 
Since  the  inputs  to  the  OR-plene  ere  precherged  high,  e 
ripple  P  [7]  gete  cen  be  used  for  the  0&-plsne.  Note  thet 
the  PGe  end  PGc  devices  reduce  to  ripple  P  type  devices  if 
the  eveluetion  devices  ere  removed.  Since  the  input 
cepecitence  of  the  buffer  is  high,  en  inverter  is  edded  et 
the  output  of  the  OR-plene  vith  devices  heving  e  W/L  retio 
of  2:1.  This  inverter  in  turn  drives  the  Hi-Gein  buffers 
vith  devices  heving  W/L  retios  of  6:1.  Therefore,  vith 
phesel  buffers  es  shovn  in  Figure  3.5,  the  OR-plene  output 
ripples  through  es  e  phesel  control. 

Refer  to  Figure  3.6  for  phese2  buffers  vhere  the 
OR-plene  output  is  stored  on  the  gete  cepecitence  of  en 
n-type  trensistor  during  phesel  vhile  the  output  of  the 
phese2  inverter  is  precherged  high.  The  inverter  in  turn 
drives  the  Hi-Gein  buffer  vhich  in  effect  provides  the 
phese2  controls  vith  complements.  These  ere  needed  since  the 
controls  drive  CMOS  trensmission  getes  in  the  microsequencer 
logic.  Note  thet  during  phese2  the  geted  buffer  is  cut  off 
from  the  OR-plene,  vhich  is  evelueted  in  phesel. 

3.3 .iv.  MULTIPLEXER  1  (MUX1) 

Insteed  of  using  tvo  controls  from  the  PLA  end 
decoding  them  into  four  signels  to  select  one  of  the  four 
eddress  sources,  four  select  lines  ere  encoded  in  the  PLA  to 


control  the  MUX1 ,  These  lines  ere  precherged  lov  end  control 
the  getes  of  NMOS  devices  in  the  multiplexer  vhose 
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TABLE  4.2.  ii.  TEST  CODE  FOR  CJA. 

NAME  BR  T  ABF  OC  EXPECTED  OUTPUT  7 

(phase2)  (phasol'  (phase2)  (phase2)  (phasel) 

. phase2 ' ) 


JMAP 

2 

X 

0 

9 

9 

CONT 

10 

X 

X 

X 

CONT 

10 

X 

X 

X 

11 

CONT 

10 

X 

X 

X 

12 

CJA 

7 

0 

X 

X 

13 

CJA 

7 

1 

60 

X 

The  next  test  should  check  for  instructions  PUSH, 
SFCT,  LOCT,  and  RACT  which  use  the  loop  counter  stack  in 
addition  to  the  subroutine  stack.  Note  that  for  instruction 
RFCT  to  be  useful,  a  count  must  have  been  previously  loaded 
by  an  instruction  such  as  PUSH.  Similarly,  instruction  LOCT 
■ust  have  loaded  a  count  in  order  for  the  instruction  RACT 
to  be  useful.  So  PUSH  is  combined  with  RFCT  and  LOCT  is 
combined  with  RACT  for  testing  the  above  four  instructions. 
The  external  count  for  looping  is  chosen  to  be  3,  which 
causes  the  loop  to  be  executed  4  tines.  Table  4.3  shows  the 
test  code  for  testing  the  above  four  instructions . 

If  these  tests,  with  the  JMAP  instruction  as  the 
starting  instruction,  fail,  then  the  starting  instruction 
should  be  JZ  followed  by  CONT  instruction.  This  will  start 
the  sequence  from  location  1  instead  of  10  as  in  the  case  of 
starting  with  the  JMAP  instruction. 

Table  4.2  is  divided  into  three  parts:  one  showing 
the  test  code  for  CJS  and  CRTN  (Table  4.2.i),  second  with 
the  test  code  for  CJA  (Table  4,2. ii)  and  the  third  showing 
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the  code  for  LOOP.  Siailarly  Table  4.3  is  divided  into  two 
parts:  one  with  the  test  code  for  LDCT  and  RACT  (Table 
4.3.  i)  and  tbe  other  shoving  the  code  for  PUSH  and  RFCT 
(Table  4.3 . ii) . 


TABLE  4.2.1 ii. _ TEST  CODE  FOR  PUSH  AND  LOOP. 


NAME  BR  T  ADF  OC  EXPECTED  OUTPUT  T 

(phase2)  (phasel'  (phase2)  (phase2)  (phasel) 

.phase2 ' ) 


JMAP  2  X 

CONT  10  X 

CONT  10  X 

PUSH  3  1 

CONT  10  X 

CONT  10  X 

CONT  10  X 

CONT  10  X 

LOOP  8  0 

LOOP  8  1 


0 

X 

X 

X 

X 

X 

X 

X 

X 

X 


9 

X 

X 

X 

X 

X 

X 

X 

X 

X 


9 

10 
11 
12 

13 

14 

15 

16 
12 
17 


TABLE  4.3  ,i.  TEST  CODE  FOR  LDCT  AND  RACT . 


NAME  BR  T  ADF  OC  EXPECTED  OUTPUT  T 

(phase2)  (phasel'  (phase2)  (phase2)  (phasel) 

.phase2  '  ) 


JMAP  2  X 

CONT  10  X 

CONT  10  X 

LDCT  9  X 

RACT  5  X 

RACT  5  1 

RACT  5  X 

RACT  5  X 

RACT 


9 

9 

X 

X 

X 

X 

11 

3 

X 

12 

12 

X 

12 

12 

X 

12 

12 

X 

12 

12 

X 

12 

R^PDSH 


BR 

T 

ADF 

OC 

EXPECTED  OUTPUT  Y 

(phase2) 

(phasel ' 

.  phase2 ' ) 

(phase2) 

(phase2) 

( phasel) 

Note  that  the  PUSH  instruction  is  also  used  in 
conjunction  with  the  LOOP  instuction  as  shown  in  Table 
4.2.iii.  When  RFCT  exits  the  loop  it  pops  the  loop  counter 
stack  as  well  as  the  subroutine  stack.  Prior  to  a  PUSH  with 
the  RFCT  instruction,  the  SS  and  LCS  are  cleared  with  the 
JZ  instruction.  Therefore,  a  CRTN  is  executed 
unconditionally  (by  forcing  the  T  input  to  be  1)  at  the  end 
of  the  code  to  check  if  the  output  becomes  zero. 


CHAPTER  5 


A  NEXT  GENERATION  MICROCONTROLLER 

The  aigiotequtncer  chip  discussed  so  fur  vis  in 
experimental  version  of  the  sioroseqnencer  for  a  next 
generation  controller  which  will  he  explained  in  this 
chapter  using  a  system  example.  This  example  will  illustrate 
how  the  controller  is  integrated  into  the  system.  Figure  S.l 
shows  a  system  example  consisting  of  four  chips 
the  microcontroller  chip.  the  data  path  chip,  the  control 
store,  and  an  external  read/write  (RAM)  memory.  Suggestions 
on  how  to  modify  the  aicrosequencer  to  assure  compatibilty 
with  the  controller  are  included. 


70 


The  aaia  function*  of  the  microcontroller  are 

(1)  to  generate  an  address  for  the  control  store  in  phasel. 
This  address  is  generated  by  the  microseqnencer . 

(2)  to  generate  an  address  for  external  RAM  in  phase2.  This 
address  is  generated  by  the  prograa  control  unit  (PCU) . 

(3)  to  generate  an  address  for  the  internal  RAM,  which  is  on 
data  path  chip.  This  address  is  generated  daring  phasel  by 
the  Generate  Random  Address  (GRA)  Block. 

The  microcontroller  generates  the  microprogram 
address  in  phasel  which  fetches  the  microword  from  the 
microstore.  In  the  previous  chapters  it  was  mentioned  that 
the  aicroword  contained  the  micro-ops  field,  to  control  the 
data  path,  and  the  next  address  generation  field  to  control 
the  microsequenoer .  The  microword  mast  also  provide 
microbits  for  controlling  the  PCU  and  GRA  Blook,  in  addition 
to  the  microbits  for  controlling  the  microseqnencer  and  data 
path.  It  is  better  to  discos*  the  PCU  and  GRA  Block  before 
deciding  on  the  changes  to  be  made  to  the  present 
microseqnencer  to  ensure  compatibilty  with  the  next 
generation  aicrooon t ro 1 ler .  Refer  to  Figaro  5.2  for  a 
functional  description  of  the  microcontroller. 

The  PCU  and  GRA  Block  are  not  explained  in  detail 
since  they  are  part  of  the  next  generation  controller;  so 
the  following  discussion  deals  only  with  the  interfaces 
between  the  nicrosequencer  and  PCU,  and  the  microseqnencer 
and  GRA  Block.  The  prograa  control  unit  provides  addresses 
to  fetch  instructions  from  the  external  memory  and  transfer 


5.2.  MICROPROGRAM  CONTROLLER 


12  /FROM  CONTROL  STORE 

_ * _  _ 

I  I  OP-CODE  I  I 

12  I  I  8  I  PROGRAM  I 

< — / - I  MICRO  SEQUENCER  !< - /--I  CONTROL  I  < - 


ADDRBSS  I 

FOR  I _ 

CONTROL  STORE 


It  I 

_ I _  Zp  I 

l< - 

MUX2  I  < - 1 

I  < - 0 

I  < - 

_ I  IDPFB 

I 

I 
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I  - 1  UNIT  (PCU)  I  E 

I  I  I _ I  A 

I  S 

I  T 

I  _  P 

I  I  0 

1  I  I  R 

0  I  GRA  BLOCK  I  T 

I  l< - 


TO 

AND 

FROM 

LOCAL 

BUS 


i  ADDRESS 
FOR 

IRAM  ON  DATA  PATH 


blocks  of  data  fro*  the  external  aeaory  to  the  internal  RAM 


on  the  data  path.  Vhen  the  PCU  fetohc 


instruction,  it 


transfers  the  op-eode  to  a  register  (Instruction  Register) 
which  then  becoaes  the  input  to  the  MAP  Logic  in  the 


■serose quencer. 

The  PCU  *ust  be  proyided  with  the  nuaber  of  data 
words  to  be  transferred  fro*  the  external  RAM  to  internal 
RAM.  This  is  specified  as  a  byte  count  (BC)  which  is  loaded 
into  a  register  (BC  register)  fro*  the  external  *e*ory 
during  op-code  fetch.  The  instruction  also  specifies  the 
starting  address  for  the  block  transfer.  The  BC  is 
decreaented  and  the  blook  of  data  is  transferred  as  long  as 
the  count  is  not  equal  to  0.  A  zero  detector  checks  for  all 
zeros  in  the  count  and  the  output  of  the  ZD  is  denoted  by  Zp 
(the  subscript  p  stands  for  PCU,  to  avoid  confusion  with  the 
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ZD  output,  Z,  in  the  DEC  atero  of  the  aicroiequencer) .  Zp  is 
one  of  the  inputs  to  a  multiplexer  (MDX2)  which  selects 
between  s  '1',  'O'.  DPPB  (data  path  flag  bit),  and  Zp .  Zp  is 
'1*  if  BC*0.  The  MUX2  was  part  of  the  data  path  in  the 
initial  Tension  and  the  output  of  MUX2  was  called  the  test 
flag  'T',  which  is  one  of  the  inputs  to  the  PLA  in  the 
experimental  version  of  the  aicrosequenoer .  This  'T*  now 
becomes  the  DPFB  and  the  output  of  XUX2  is  still  denoted  by 
'T',  which  will  be  one  of  the  inputs  to  the  PLA  in  the 
microsequencer .  The  4-bit  condition  field  (CD)  of  the 
experimental  version  is  now  split  into  two  fields  (i)  a 
2-bit  MUXSEL  field  which  controls  XDX2  and  (ii)  a  3-bit  Flag 
Bit  field  which  selects  one  of  the  status  bits  on  the  data 
path  chip  to  become  the  DPFB  and  to  be  transferred  to  MUX2 
on  the  microcontroller  chip. 

There  is  no  interface  defined  at  this  point  between 
the  microsequeneer  and  the  GRA  Block;  however  the  GRA  Block 
will  be  part  of  the  microcontroller  chip  because  there  is 
not  sufficient  area  for  implementation  of  the  GRA  Block  on 
the  data  path  chip.  Another  reason  is  that  the  GRA  Block 
receives  input  data  from  the  instructions  fetched  by  the  PCD 
from  the  external  memory.  Data  is  provided  to  the  PCU  and 
the  GRA  Block  through  a  16  bit  I/O  port,  to  be  called  east 
port,  which  is  connected  to  the  local  bus  as  shown  in  Figure 
3.1.  The  GRA  Block  and  PCU  can  be  controlled  by  individual 
PLAs  similar  to  the  miorosequeaoer.  Inclusion  of  the  GRA 
Block  on  the  controller  chip  increases  the  pin  oount  of  the 


chip  since  the  GRA  Block  asst  provide  the  address  for  the 
internal  RAM  on  the  data  path.  However,  these  lines  oonld 
also  be  used  to  send  status  flags  froa  the  data  path  to 
controller  MUX2  when  the  GRA  Block  is  not  sending  an 
address.  This  will  eliainate  the  need  for  a  Multiplexer  in 
the  data  path)  therefore  the  3-bit  Flag  Bit  field  can  be 
reaoved.  The  MDXSBL  field  can  be  increased  to  4  bits  to 
select  between  1,  0,  Zp ,  and  one  of  the  flags  froa  the  data 
path.  (The  MUXSEL  field  will  be  3-bits  wide  if  the  number  of 
flags  froa  the  data  path  is  less  than  or  equal  to  5). 

The  aicrocontro 1 ler  is  still  under  developaent  and 
the  preceding  discussions  suggest  possible  nod i f icat ions  to 
be  considered  to  enhance  the  overall  operation  of  the 
systea. 


APPENDIX  A 


FUNCTIONAL  DESCRIPTION  OF  THE  MICROSEQUENCER 


DISTINCTIVE  CHARACTERISTICS 


•THELVE-BIT-WIDE  ADDRESS 

Can  address  up  to  4096  words  of  Microcode. 

* INTERNAL  DBCRBMENTER  WITH  LOOP  COUNTER  STACK 

Pre-settable  8-bit  down  counter  for  repeating 
instructions  and  counting  loop  operations.  Stack  is  used 
over  a  single  loop  counter  so  tbat  nested  loops  and 
loops  witbin  subroutines  conld  both  be  accomodated .The 
loop  counter  stack  is  4-words  deep. 

•FOUR  ADDRESS  SOURCES 

Microprogram  address  may  be  seleoted  from  mapped 
address,  ADF  field  of  tbe  microinstruction,  incremented 
address  (sequential),  or  8-lewel  push— down  (subroutine) 
stack  which  stores  the  return  addresses. 

•ELEVEN  POVBRFUL  SEQUENCE  CONTROL  INSTRUCTIONS 

Four  bit  HR  field  of  the  microinstruction  is  used  to 
execute  elewen  sequence  control  instructions,  most  of 
which  are  conditional  on  the  test  flag  *T*  or  the  zero 
detector  (ZD)  output  'Z'. 

•MULTIPLEXER  1 

The  multiplexer  (MUX1)  for  selecting  one  of  the  four 
address  sources  is  implemented  as  a  distributed  bus 
s  true ture . 


•TWO  PHASE  NON-OVERLAPPING  CLOCKS 


All  internal  operations  of  the  chip  are  controlled  by 
two  non-overlapping  clocks,  phasel  and  phase2. 


•CLOCKED  CMOS  USED  FOE  LAYOUT  DENSITY  AND  PERFORMANCE 

Clocked  CMOS  is  widely  nsed  over  classic  CMOS  for  higher 
layout  density  and  better  perforaanee .  The 
■icroseqnenoer  logio  is  . preeharged  during  phase2  and 
evaluated  during  phasel,  except  for  the  PLA  vhich  is 
precharged  during  phasel'  and  evaluated  in  phasel. 


A-.  2.,  GENERAL— PglgXlfTID.N 


A  microprogrammed 
consisting  of  two  parts: 
microinstructions  and  the 
the  generation  of  the  ne 
part  is  called  the  mi 
contains  the  binary  var 
components  of  the  system. 


control  unit  should  be  viewed  as 
the  control  memory  that  stores  the 
assooiated  circuitry  that  control 
xt  address.  The  addres s-generat ion 
crosequencer .  The  control  store 
iables  that  control  the  hardware 
The  control  information  is  stored 


in  the  memory  and  exeouted  as  a  stored  program.  Hence  the 
term  firmware  is  sometimes  used  for  microprogramming  since 
it  has  a  software  as  well  as  a  hardware  flavor. 

The  microsequencer  is  also  called  a  microprogram 
sequencer  since  it  is  an  address  sequencer  intended  for 
controlling  the  sequence  of  execution  of  the 
microinstructions  stored  in  the  microprogram  memory  (also 
called  the  microstore  or  control  store).  Refer  to  Figure  1.3 
of  chapter  1  for  the  functional  (block)  diagram  of  the 
microseqnencer ,  which  is  repeated  here  for  convenience. 
Besides  the  capability  of  sequential  access,  it  provides 


BLOCK  DIAGRAM  OF  MICRUSEOUENCER 
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conditional  branching  to  any  aicro ins  true t ion  within  a  4K 
word  range.  A  push-down  stack  is  used  for  aicrosubrout ine 
return  linkage  and  looping  capability.  The  subroutine  stack 
(SS)  has  8  registers  which  provide  8  levels  of  nesting 
subroutines.  Microinstruction  loop  count  control  is  provided 
with  a  count  capacity  of  256.  The  12-bit  ADF  field  of  the 
microinstruction  is  used  as  an  explicit  address  source  for 
Microprogram  address  or  the  8  least  significant  bits  are 
used  as  the  count  (N)  for  looping.  A  loop  counter  stack, 
which  is  4-words  deep,  is  used  over  a  single  loop  counter 
register  in  order  to  nest  loops  and  to  use  loops  within 
subroutines . 

During  each  phasel,  the  microsequencer  provides  a  12-bit 
address  from  one  of  the  four  sources; 

(1)  The  incremented  output  (IOP),  which  usually  contains  an 
address  one  greater  than  the  previous  address, 

(2)  ADF  field  of  the  microinstruction  (A)  which  is  an 
explicit  address, 

(3)  Bight-deep  last-in  first-out  subroutine  stack  (F)  ,  or 

(4)  Mapped  output  (M)  ,  which  is  a  function  of  the  5-bit 
op-code  part  of  the  machine  instruction  (also  called 
macro-operation).  A  mapping  PROM  or  PLA  could  be  used  to  map 
the  5-bit  op-code  into  a  12-bit  address  source.  The  scheme 
used  here  places  zeros  in  the  7  most  significant  bits  and 
transfers  the  5-bit  op-code  into  the  5  least  significant 
bits  of  the  address. 
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The  instruction  PLA  controls  all  other  blocks  of  the 
■icroieqoencer.  The  inputs  to  the  PLA  are  the  4-bit  BR  field 
from  the  microinstruction,  test  flag  *T*  froa  the  data  path, 
and  the  zero  deteotor  (ZD)  output  *Z*.  Note  that  DEC  stands 
for  decreaenter  which  contains  (i)  a  latch  (DEC  I/P 
LATCH),  serving  the  purpose  of  a  loop  counter  register,  (ii) 
loop  counter  stack  (LCS),  (iii)  decreaenter  logic  (DEC 
LOGIC)  consisting  of  carry  chain  (DEC  CAE  CHAIN)  and  EX-OR 
oircuits,  (iv)  a  latch  (DEC  0/P  LATCH)  which  latches  the  DEC 
LOGIC  output  (D)  and  makes  available  a  stable  decremented 
output  (DOP)  by  the  tiae  the  decreaent  control  (LD)  is 
active,  and  (v)  a  multiplexer  (DEC  MUX)  to  select  between 
the  external  count  N  ,  the  decremented  output  DOP  and  the 
second  word  (LCS2)  of  the  loop  counter  stack  which  contains 
the  previously  pushed  value.  Vhen  an  external  count  (N)  is 
loaded  into  the  DEC  it  goes  into  the  DEC  I/P  LATCH  (loop 
counter  register),  which  will  be  denoted  as  LCR,  and  also 
pushed  onto  the  loop  counter  stack.  The  value  in  the  loop 
counter  register  (LCR)  is  unconditionally  decreaented  and 
loaded  back  into  the  decreaenter  (DEC) ,  for  further  counting 
only  if  the  decreaent  control  (LD)  is  high.  The  ZD  checks 
for  all  zeros  in  the  loop  counter  before  the  value  is 
decremented.  Therefore  a  count  (N-l)  should  be  loaded  ror 
looping  N  tiaes.  The  external  count  is  loaded  in  phasel,  the 
DEC  LOGIC  is  evaluated  in  phase2  and  the  DOP  becomes 
available  in  the  next  phasel.  For  a  functional  diagram  of 
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the  deereaenter  refer  to  Figure  B.3.a  of  Appendix  B  which  is 
repented  here  for  convenience. 

The  12— bit  address  bus  of  the  microsequeneer  is 
b i-d irec t ionn 1 .  It  is  used  for  the  Microprogram  address  in 
phasel  and  the  AOF  field  of  the  microinstruction  in  phase2. 
This  scheme  is  used  to  reduce  the  pin  count  of  the  chip. 
Note  that  the  ADF  field  is  latched  in  phase2  and  becomes  a 
stable  address  source  (A)  in  phasel.  The  instruction  set  is 
explained  below,  with  execution  examples  in  Figure  A.l. 

A . 3 ,  INSTRUCTION  SET 

There  are  eleven  instructions  which  select  the 
address  of  the  next  microinstruction  to  be  executed.  Four  of 
the  instructions  (0,  2,  9,  10)  are  unconditional  -  their 
effect  depends  only  on  the  instruction.  Two  instructions  (4, 
3)  depend  on  the  zero  detector  output  'Z'  and  five 
instructions  (1,  3,  6,  7,  8)  depend  on  the  test  flag  'T'. 
The  best  way  to  explain  the  instruction  set  is  to  isolate 
each  instruction  and  review  its  operation.  Figure  A.l  shows 
the  execution  examples  of  the  eleven  instructions.  Note  that 
there  can  be  16  sequence  control  instructions  from  the  4-bit 
BR  field  but  it  has  been  decided  to  include  only  the  11 
considered  most  useful  at  this  time. 

The  examples  in  Figs.^a  A.l  illustrate  the 
microprogram  flow  as  various  microinstructions  are  executed. 
As  an  example,  the  CONTINUE  instruction  (instruction  number 
10)  simply  means  that  microinstruction  10  is  executed,  then 
microinstruction  11  is  executed  and  so  on.  The  microprogram 
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addresses  were  arbitrarily  chosen  except  for  the  JUMP  ZERO 
instruction  which  forces  the  address  to  zero.  Note  that  a 
conditional  instruction  can  be  executed  unconditionally  by 
forcing  the  T  flag  to  be  '1*  by  selecting  the  *1'  input  to 
the  second  nultiplexer  (XUX2),  where  MUX2  generates  the  test 
flag  in  the  data  path. 

(0)  JZ  :  Juup  Zero  unconditionally  specifies  that  the 
address  of  the  next  aioroinstruetion  is  zero. 

( 1 )  CJS  :  Conditional  Juap— t o— Sub  rout ine  via  the  address 
provided  in  the  ADF  field.  This  can  also  be  labeled  as  the 
'CALL*  instruction.  Vhen  the  contents  of  address  12  is  at 
the  output  of  the  control  store,  the  next  address  control 
function  is  the  Conditional  Juap~to-Subrout ine  (CJS) .  If  ’T’ 
is  true  ,  CJS  is  executed  by  selecting  location  60  as  the 
next  address  with  13  pushed  onto  the  subroutine  stack  (SS)  . 
If  the  test  fails  ('T'  false)  the  next  address  in  sequence 
i.e.,  address  13  is  selected. 

(2)  JMAP  :  Junp  Map  instruction  is  unconditional  which 
causes  the  output  of  the  nap  logic  to  be  executed. 

(3)  PUSH  Push  /  Conditional  Load  DEC.  This  is  priaarily 
used  for  setting  up  loops  in  nicroprograa  firaware.  The 
output  of  the  loop  counter  register  (LCR)  is  aade  available 
to  the  ZD  as  well  as  the  DEC  LOGIC.  In  Figure  A.l  when 
aioroinstruetion  at  location  12  is  exeouted,  a  PUSH  will  be 
aade  onto  the  SS  and  the  decreaenter  will  be  loaded  based  on 
the  condition.  Vhen  the  PUSH  occurs,  the  value  pushed  onto 
the  SS  is  always  the  next  (sequential)  address.  In  this  oase 


this  address  will  be  13.  If  the  test  fails,  the  deeresenter 
(DEC)  is  not  loaded;  if  it  is  passed  the  DEC  is  loaded  with 
the  value  eoutained  in  the  ADF  field  of  the 
Microinstruction.  Thus  a  single  instruction  can  be  used  to 
set  up  a  loop  to  be  ezeouted  a  specific  nuiber  of  times. 
Instruction  4  (KFCT)  will  describe  how  to  use  the  pushed 
value  and  the  deoreaenter  for  looping. 

( 4 )  EF CT  :  Repeat  Loop,  LCR  not  equal  to  0.  For  this 
instruction  to  be  useful,  soae  instruction  suoh  as  3  (PUSH) 
aust  have  loaded  a  count  value  into  the  DEC.  This 
instruction  checks  to  see  whether  the  LCR  is  equal  to  0  or 
not.  This  is  accomplished  by  the  zero  deteotor  (ZD)  which  is 
iapleaented  as  a  NOR  gate.  The  ZD  output  'Z'  is  '1*  if  the 
LCR  is  equal  to  zero  and  'O'  if  the  LCR  has  a  non-zero 
value.  If  the  ZD  output  is  '1',  the  DOP  is  fedbaok  into  the 
DEC  for  further  deoreaentat ion  and  the  address  of  the  next 
aicroinstruc iton  is  taken  from  the  top  of  the  SS.  If  the  ZD 
output  is  'O'  (the  loop  exit  condition),  control  falls 
through  the  next  (sequential)  aicro instruct  ion  by  selecting 
inoreaented  output  (IOP);  the  SS  is  popped  and  the  LCS  is 
also  popped.  In  Figure  A.l  location  10  nost  likely  would 
contain  a  PUSH  instruction  which  would  have  caused  address 
11  to  be  pushed  onto  the  SS  sad  the  DEC  to  be  loaded  with 
the  proper  value  (N)  for  looping  the  desired  nuaber  of 
times.  RFCT  can  also  be  referred  to  as  a  'FOR*  loop. 

(5)  RACT  :  Repeat  ADF,  LCR  not  equal  to  0.  This  instruction 
is  siailar  to  instruction  *4'  except  that  the  branch  address 


now  ooatt  froa  the  ADF  field  of  the  aiero instruct  ion  rather 
than  froa  the  SS.  Then  the  LCR  ia  sot  equal  to  0  (i.e.,  ZD 
output  is  '0'),  the  OOP  is  loaded  baek  iato  the  DBC  for 
further  deoreaeatat ion  and  the  next  address  selected  is  the 
ADF  field.  If  the  ZD  output  is  *1',  the  oouat  is  popped  off 
the  LCS ;  a  pop  is  not  perforaed  on  the  SS,  beoause  it  is  not 
used.  In  Figure  A.l,  the  PACT  instruction  is  shown  in  a 
single  ai  oro ins  true t ion  loop  as  in  instruction  12.  The 
address  in  the  ADF  field  of  the  aiero ins  true t ion  would  be 
12.  Instruction  11  in  this  exanple  could  be  the  LOAD  DEC  AND 
CONTINUE  (LDCT:9)  instruction.  While  this  exaaple  shows  a 
single  aicroinstruction  loop,  bp  siaplp  changing  the  address 
in  the  ADF  field  of  the  aicroinstruction,  ault i-instruct ion 
loops  can  be  perforaed  in  this  aaaaer  for  a  fixed  nuaber  of 
tiaes  as  deteraiaed  bp  the  count  (N) . 


(6)  CRTN  :  Conditional  Return  froa  Subroutine  instruction  is 
used  to  branch  froa  the  subroutine  back  to  the  next 
aicroinstruction  address  following  the  subroutine  call. 
Since  this  aicroinstruction  is  conditional,  the  return  is 
perforaed  onlp  if  the  test  is  passed.  If  the  test  fails,  the 
next  (sequential)  aioroinatruot ion  is  executed.  To  perfora 
an  unconditional  Re turn-f r oa-Sub rout ine  ,  the  conditional 
Return-f roa-Subrout iae  is  executed  uacond i t ionsl lp .  This  is 
done  bp  forcing  the  *T*  flag  to  be  '1'  bp  selecting  the  '1* 
input  to  MUX2 ,  which  is  ia  the  data  path. 

(7)  CJA  :  Conditional  Juap  ADF  instruction  derives  the 
branoh  address  froa  the  ADF  field  of  the  aicroinstruction. 
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It  provides  a  technique  for  branching  to  various 
aicroprogrsa  sequences  depending  upon  the  test  flag  fron  the 
data  path. 

(8)  LOOP  Test  End-of-Loop  instruction  provides  the 
capability  of  conditionally  exiting  a  loop  at  the  bottoa; 
i.e.,  this  is  a  conditional  instruction  that  will  cause  the 
aioroprograa  to  loop,  via  the  SS,  if  the  test  is  failed  else 
to  continue  the  next  (sequential)  instruction.  In  Figure 
A.l,  the  LOOP  instruction  is  at  address  16.  If  the  test 
fails,  the  aicroprogrsa  will  branch  to  address  12.  Address 
12  is  on  the  SS  because  a  PUSH  instruction  has  been  executed 
at  address  11.  If  the  test  is  passed  at  instruction  16,  the 
loop  is  terainated  and  the  next  (sequential) 
aicroinstruotion  at  address  17  is  exeouted,  which  slso 
causes  the  SS  to  be  popped,  thus  aeeoapl ishing  the  required 
stack  aaintenance.  A  'LOOP'  instruction  can  also  be  referred 
to  as  a  'DO'  instruction. 

(9)  LPCT  :  Load  DEC  and  Continue  instruction  enables  the  DEC 
to  be  loaded  with  the  value  at  its  parallel  inputs.  These 
inputs  are  noraally  connected  to  the  8  least  significant 
inputs  of  the  ADF  field  of  the  aic ro ins  true t ion  which  (in 
the  architecture  described  here)  serves  to  supply  either  a 
branch  address  (to  MUX1)  or  a  COUNT  ('N*  for  the  DEC) 


depending  upon  the  aicroinstruotion  being  executed.  There 
are  2  ways  of  loading  the  count  (N)  into  the  DEC 
-  the  explicit  load  by  this  instruction  :9 
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-  the  conditional  load  included  as  part  of  the  PUSH 
instruction  :3, 

(10)  CONTINUE  :  This  siaply  increments  the  address  so  that 
the  next  (sequential)  microinstruction  is  executed.  This  is 
the  simplest  instruction  and  should  be  the  default 
instruction  which  the  firmware  requests  whenever  no  other 
operation  is  enabled. 
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APPENDIX  B 


LOGIC  DESCRIPTIONS  AND  CIRCUIT  SCHEMATICS  OF  MACROS 

The  inoreaenter  output  (IOP)  is  one  of  the  four 
address  sources  for  the  aioroprograa  address.  It  is  also  the 
iaput  to  the  subroutine  stack  (SS)  .  The  previous  output  of 
the  aiorosequencer  (7)  is  the  input  to  the  inoreaenter  and 
it  is  saapled  during  tiae  phasel.  The  inoreaenter  logic  (INC 
LOGIC)  is  precharged  during  phase2'  and  evaluated  during 
phase2.  The  output  of  the  INC  LOGIC  is  saapled  in  phase2  and 
stable  in  the  next  phasel.  The  INC  LOGIC  consists  of 
inoreaenter  carry  chain  (INC  CAR  CHAIN)  and  Exolusive-Or 
(EX-OR) .  The  Clear/Increaent  (C)  oontrol  froa  PLA,  when 
high,  pulls  the  IOP  low.  Then  C  is  low,  the  inoreaented 
output  is  available.  For  a  detailed  layout  refer  to  the  cell 
library  in  Appendix  C.  The  functional  diagraa,  logic 
diagraa.  circuit  soheaatic  and  the  floor  plan  of  the 
inoreaenter  are  shown  in  Figure  B.l. 

(a)  FUNCTIONAL  (BLOCK)  DIAGRAM 

Refer  to  Figure  B.l. a. 

(b)  LOGIC  DIAGRAM 

Refer  to  Figure  B.l.b. 

Froa  the  figure  it  is  clear  that  the  carry  chain  is 
precharged  high  in  phase2’  and  evaluated  in  phase2.  Since 
the  input  to  the  inoreaenter  input  latch  (INC  I/P  LATCH)  is 
saapled  in  phasel,  a  phase2  evaluation  device  is  added  to 
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the  kill  transistor,  as  shown  in  the  figure,  to  sake  sure 
that  the  kill  transistor  is  not  on  daring  the  precharge  tine 
phase2'  which  overlaps  with  the  saapling  tiae  for  the  INC 

I/P  LATCH.  If  the  propagate  signal  (P)  is  high,  the  carry  in 

(CIN^)  is  propagated  to  the  next  stage.  If  P  is  'O',  which 
aeans  the  kill  signal  (K)  is  high,  the  pass  transistor  is 
off  and  the  kill  transistor  is  on,  thns  palling  down  the 
carry  chain  output  to  a  logic  low  level  (i.e.,  COOT^  is 
'0').  Note  that  in  the  case  of  the  LSB  the  IOP  is  just  the 
coapleaent  of  the  input  Y.  The  bits  Y^  to  Y^  are  evaluated 
the  saae  way  as  bit  Y^  .  For  Y ^  to  Y^  the  INC  LOGIC  consists 

of  the  carry  chain  and  the  EX-OR  blocks.  For  Y^  the  INC 

LOGIC  reduces  to  a  siaplo  inverter. 

(c)  FLOOR  PLAN 

Refer  to  Figure  B.l.c. 

(d)  CIRCUIT  SCHEMATIC 

The  circuit  scheaatic  of  1  bit  of  the  inoreaenter  is 
shown  along  with  the  LSB  in  Figure  B.l.d. 

B.2.  SUBROUTINE  STAC!  (PUSH-DOWN  STACK ) 

The  stack  subsystea  is  coamonly  called  a  last-in, 
first-out  stack  (LIFO).  It  is  also  known  as  a  push-down  (PD) 
stack.  The  naae  subroutine  stack  coaes  froa  the  fact  that  it 
stores  return  addresses  whenever  a  subroutine  is  called.  The 
four  principal  operations  in  a  full  clock  period  are 
(i)  PUSH  in  a  new  data  word  at  one  end  of  the  array,  pushing 
all  previously  entered  words  one  word  position  down  in  the 


array . 
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•ad  LL  fron  PLA  and  it  provides  the  inpat  (MD)  to  the  DE< 
LATCH  as  veil  as  to  the  LCS. 

(o)  FLOOS  PLAN 

Refer  to  Figare  B.3.c. 

(d)  CIRCUIT  SCHEMATIC 

Refer  to  Figare  B.3.d.i.  for  the  ciroait 
schematic  of  the  decreaenter,  excluding  the  schematics  of 
the  DEC  LOGIC  and  ZD  vhioh  are  shovn  in  Figure  B.3.d.ii.  and 
Figare  B.3.d.iii.  respectively.  LCS  is  also  a  push-down 
stack  siailar  to  SS  and  is  shown  with  LCS  interface  in 
Figare  B.3.d.iv.  The  scheaatic  of  the  stack  is  not  shown 
here  since  it  has  already  been  shovn  in  the  SS  aacro. 

Note  that  the  schematics  of  inverters  and  switches 
are  not  repeated  for  the  sake  of  siaplicity.  The  ZD  is 
precharged  high  in  phase2‘  and  evaluated  in  phase2.  If  all 
the  inpats  are  low,  the  N-traas is  tor s  are  off  and  rZ'  stays 
high.  If  any  one  of  the  inputs  is  high,  then  Z  is  palled  low 
through  the  conducting  N-trsns istor . 

B.4.  MAP  LOGIC 

A  special  type  of  branch  exists  when  a 
aicro ins  true t ion  specifies  a  branch  to  the  first  word  of  a 
routine  for  a  macro-operation  in  the  control  memory.  The 
address  bits  for  this  type  of  branch  are  a  fantion  of  bits 
used  in  the  operation  part  of  the  aachine  instruction.  One 
specific  aapping  process  which  converts  the  5-bit  op-oode 
into  a  12-bit  address  is  shown  in  Figare  B.4.i. 
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check*  for  all  zeros  la  LCR  ia  phase2  sad  the  ZD  output  (Z) 
beooaes  oae  of  tho  iapats  to  the  PLA.  The  ooaat  is 

deoreaeated  la  phase2.  saapled  ia  the  DEC  0/P  LATCH  la 
phase2  sad  beooaes  stable  ia  the  aezt  phasel.  The 

deoreaeated  ovtpat  is  loaded  back  iato  the  DEC  LATCH  aad  LCS 
staok  top.  ia  the  saae  phasel.  through  the  DEC  MUX  provided 
the  oomtrol  LD  is  high.  As  loag  as  'Z*  is  'O'.  PLA  drives  LD 
high.  Whea  'Z'  is  *1'  (i.e..  all  zeros  ia  LCR).  the  PLA 

turas  off  LC  aad  LD ,  aad  pops  the  LCS  which  aeaas  that  the 
coatrol  sigaal  LL  is  high.  Whea  a  pop  occurs,  the  secoad 
word  of  the  stack  (LCS2)  is  traasferred  to  the  top  of  the 
staok  aad  also  loaded  iato  the  LCR.  The  first  word  of  the 
stack  (staok  top)  always  holds  the  value  beiag  deoreaeated. 

(a)  FUNCTIONAL  DIAGRAM 

Refer  to  Figure  B.3.a. 

(b)  LOGIC  DIAGRAM 

Refer  to  Figure  B.3.b.i.  for  the  logic 
diagraa  of  the  deoreaeater  which  coasists  of  the  DEC  MUX, 
LOOP  COUNTER  STACX  (LCS),  DEC  I/P  LATCH  (  DEC  LATCH  or  LCR), 
ZD,  DEC  LOGIC  which  coasists  of  DEC  CAR  CHAIN  aad  EX-OR 
blocks,  aad  the  DEC  0/P  LATCH.  Refer  to  Figure  B.3.B.ii.  for 
the  logic  diagraa  of  DEC  LOGIC. 

Note  that  the  LCS  is  also  a  push-down  stack  siailar 
to  SS  but  it  is  different  ia  the  stack  top  aad  has  oae  sore 
control  thaa  SS  (Refer  to  Figure  B.3.i).  Ia  the  case  of  the 
LSB  the  deoreaeated  output  (DOP)  is  just  the  coapleaeat  of 
the  count  'L*.  DEC  MUX  is  controlled  by  the  signals  LC,  LD 


Circuit  Schematic 


first  inverter,  end  then  elosing  phssezF  during  tine  phsse2 
with  dsts  being  transferred  to  the  gate  of  seoond  inverter. 
In  order  for  dsts  to  be  held  in  plsee  pbsselB  is  closed  in 
phssel  followed  by  pbsse2F  in  phsse2,  osnsing  the  dsts  to 
reeiroulste  upon  itself  without  shifting.  Dsts  (DOUT)  is 
obtained  by  closing  phsselB  in  tine  phssel  followed  by 
phase2B  in  tiae  phase2  (POP  operation).  But  the  problen  with 
this  is  that  DOUT  is  needed  in  phssel  because  the  control 
signal  SF  which  selects  the  staok  top  F  as  the  aieroprograa 
address  coaes  in  phssel.  So,  instead  of  signal  phase2B  to 
the  first  word  of  the  stack  (stack  top),  the  control  signal 
SF  is  connected  as  shown  in  Figure  B.2.b.ii. 


(c)  FLOOR  PLAN 


Refer  to  Figure  B.2.C. 


Two  half-words  are  stacked  together  to  fora  one 
word.  This  is  repeated  8  tiaes  to  fora  a  staok  8-words  deep, 
(d)  CIRCUIT  SCHEMATIC 

Refer  to  Figure  B.2.d. 


An  external  count  is  loaded  froa  the  ADF  field  of 
the  aicro instruct  ion  in  phssel  by  driving  the  control  signal 
LC  high.  The  count  MD  (output  of  MUX1)  is  pushed  onto  th 
loop  counter  stack  (LCS)  and  also  saapled  by  the  DEC  I/P 
LATCH  which  is  denoted  by  DBC  LATCH  or  loop  counter 
register  (LCR) .  The  count  becoaes  stable  (L)  in  phase2  and 
becoaes  an  input  to  the  sero  detector  (ZD)  as  well  ss  to  the 
deoreaenter  logic  (DEC  LOGIC).  The  ZD  is  s  NOR  gate  which 
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(ii)  POP  out  a  word  fron  the  end  of  the  array,  polling  op 
all  previoosly  entered  words  by  one  word  position. 

(iii)  HOLD  the  words  in  their  oorrent  position. 

(iw)  CLEAR  the  top  of  the  stack  by  poshing  a  zero.  (The 
whole  stack  conld  be  cleared  by  letting  the  zero  ripple 
throogh,  which  is  explained  below.)  The  aotoal  controls  that 
the  instroction  PLA  issnes  to  the  stack  are  phaselF, 
phase2F,  phaselB,  phase2B.  PUSH,  POP,  HOLD,  and  CLEAR  are 


per  fori 

aed  as 

explained 

below  : 

PUSH  : 

close 

phaselF 

in 

phasel 

and 

phase 

2F  in 

phas  e2 

POP 

close 

phaselB 

in 

phasel 

and 

phase 

2B  in 

phase2 

HOLD  : 

close 

phaselB 

in 

phasel 

and 

phase 

2F  in 

phase2 

CLEAR: 

close 

phaselF 

in 

phasel 

and  phas 

e2F 

in  phase2 

with 

the  inpat  to 

the 

stack  top 

(DIN) 

eqoal 

to  0 . 

( o  los 

e  phaselF  and  phase 

2F 

at  the 

saae 

tine  to  c 

lear 

the  whole  sta 

ok , 

i  *  0  •  # 

to 

initia 

1  i  ze 

the  stack. 

Bot 

here 

it  has 

bee 

n  decide 

d 

to  ole 

ar  on 

ly  the  top 

of 

stack 

to  siap 

lify  the  c 

oat 

rol  lo 

g  ic  . 

Moreover  it 

is 

not  necesary 

to 

clear  the  whole  s 

tack . 

since  the 

'0' 

rippl 

es  to  the  next  word 

in 

the  s 

tack 

whenever  a 

PUSH 

opera 

tion  tak 

e  s 

place.) 

(a)  FUNCTIONAL  DIAGRAM 

Refer  to  Figore  B.2.s. 

(b)  LOGIC  DIAGRAM 

Refer  to  Figore  B.2.b.i. 

PUSH  is  perforaed  by  closing  phaselF  in  tiae  phasel. 


thos  transferring  the  inpat  data  (DIN)  to  the  gate  of  the 


B.  3. 


Figure  B.  3.  d.  iv.  Circuit  Schematic 

of  LCS 


This  aspping  consists  of  clearing  the  7  aost 
significant  bits  and  transferring  the  op-code  into  the  5 
least  significant  bits.  The  circnit  scheaatio  for  MAP  LOGIC 
is  shown  in  Figure  B.4.ii. 

Figure  B . 4  .  i ,  MAPPING  SCHEMB 

MACHINE  INSTRUCTION 

Izzzzx  I  I 

I _ I _ I 

* 

5-bit 

op-code  (OC) 

Mapped  output  (M)  0000000  zzzzz 

aap/ing  bits  op-code 

,  .MULTI  PLUEJL-L-  1MU.1.1 1 


MUX1 

selects  one  of  the 

four 

address  sources  as 

the 

aicroprograa 

address  (output  of 

the 

aicrosequencer) .  It 

i  s 

iap leaented 

as  a  d is  tr ibuted 

bus 

structure  which 

is 

precharged  high  in  phasel'  and  evaluated  in  phasel. 

(a)  FUNCTIONAL  DIAGRAM 

Refer  to  Figure  B.5.s. 

SA  selects  the  ADF  Latches  output  A. 

SI  selects  the  inoreaenter  output  IOP. 


Circuit  Schematic  of 
MAP  LOGIC 


lc  Dlaqram  of  MUX1 


SF  selects  the  SS  stack  top  F. 

SM  selects  the  MAP  Logic  output  M. 


(b)  LOGIC  DIAGRAM 

Refer  to  Figure  B.S.b. 

(o)  FLOOR  PLAN 

Refer  to  Figure  B.S.o. 

(d)  CIRCUIT  SCHEMATIC 

Refer  to  Figure  B.5.d. 

Output  of  MUZ1  (7)  is  preoharged  high  in  phasel'  and 
conditionally  pulled  low  in  phasel.  At  any  one  tine  only  one 
of  the  four  controls  SA,  SI.  SF ,  SM  is  high.  thus 
discharging  the  bus  conditionally  through  the  selected 
N-trens is  tors . 

PLA 

The  instruction  PLA  has  six  inputs  and  seventeen 
outputs  and  it  is  evaluated  in  phasel.  The  AND-plane  has 
series-N  devices  which  drive  the  parallel-P  devices  in  the 
OR-plane.  The  AND-plane  is  preoharged  high  in  phasel*  and 
the  OR-plane  is  precharged  low  in  phasel*.  N-type  phasel 
evaluation  devices  are  added  to  the  AND-plane  so  that  the 
inputs  need  not  be  precharged.  The  inputs  to  the  OR-plane 
are  precharged  high  since  they  are  also  the  outputs  of  the 
AND-plane.  So  there  is  no  need  for  the  evaluation  devices  in 
the  OR-plane.  The  inputs  to  the  PLA  enter  the  chip  before 
phasel.  To  sake  sure  that  the  inputs  to  the  PLA  are  stable 
by  the  tine  the  evaluation  takes  place,  the  inputs  to  the 


INC 


Circuit  Schematic  of  MUXl 
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PLA,  except  the  test  flag  *T',  are  sampled  in  phase2  and  are 
stable  in  phasel.  The  test  bit  T  is  sampled  in 
phase2  '*phasel '  and  is  stable  in  phasel. 

The  outputs  of  the  PLA  are  buffered  to  increase  the 
drive  capability.  Since  the  PLA  controls  the  miorosequencer 
logic  in  both  phase  times,  some  of  the  outputs  of  the  PLA 
have  to  go  through  gated  buffers. 

(a)  FUNCTIONAL  DIAGRAM 

Refer  to  Figure  B.6.a. 

(b)  LOGIC  DIAGRAM 

Refer  to  Figure  B.6.b.i.  which  shows  the 
basic  scheme  of  the  instruction  PLA.  The  actual  PLA  consists 
of  the  AND-plane  with  6  inputs  and  18  outputs  ( implicants ) . 
The  OR-plane  has  18  inputs  from  the  AND-plane  and  17  outputs 
which  are  the  controls  to  all  the  other  blocks  in  the 
microsequencer. 

Refer  to  Figure  B.6.b.ii.  for  buffers  and 
gated-buf f er s .  (Some  of  the  buffers  are  gated  in  phase2 
beoause  they  are  required  to  buffer  the  phase2  controls.) 

(c)  FLOOR  PLAN 

Refer  to  Figure  B.6.c. 

(d)  CIRCUIT  SCHEMATIC 

Refer  to  Figure  B.d.d.i.  for  gated  and 
non-gated  buffers.  The  schematic  of  the  AND-OR  plane  is 
shown  in  Figure  B.d.d.ii. 


AND-OR 


Phasel  Buffers 


Buffers  for  PLA  outputs 


AND-PRECHARGE 


Figure  B.  6.  c.  Floor  Plan  of  PLA 


SCALABLE  CMOS 
CELL  PAMILI 


NO. 

TITLE 

HEIGHT 


C.2.ii 

INC  CAR  CHAIN  2 
64  WIDTH  :  48 


DATE:  3/25/85 
BT  :  GOWNI 


phase2 

TROTH 

P 

TABLE 

CIN 

COOT 

LOGIC  EQOATION ( S ) 

0 

X 

1 

1 

COOT-  pha se2  '  + 

1 

0 

0 

1 

phaso2 . (P ' +  CIN) 

1 

0 

1 

1 

1 

l 

0 

0 

1 

l 

1 

1 

TERMINAL  INFORMATION 

Name 

No  . 

Location 

Laye  r 

Abb  r  . 

Pas  si 

1,10 

(-2,13)  (44,18) 

IP 

PI 

Pas  s2 

11,12 

(-2,50)  ( 4 1 , 64 ) ( gp ) ( f ■ , ip  , 

gp)  P2 

Voltage  Supply 

5.15. 

(0.0)  (48,0) 

( fa , sa) ( sa) 

VDD 

25,35 

(48,64)  (0,64) 

( sa) ( f a , sa) 

Phas  e2 

7.17 

(7,0)  (7,64) 

fa, ip. gp 

*2 

Lilli 

2,20 

(-2,17)  (44,14) 

8P 

d 

Li  1 12 

22 

(-2,45) 

>P 

L2 

Car ry- in 

1 

3 

(35.1) 

fa , ip  ,gp 

CIN1 

Carry- in 

1 ' 

13 

(51,5) 

fa 

CIN1  ' 

Carry-in 

2 

24 

(44,49) 

8P 

CIN2 

Carry-out 

2 

14 

(13.64) 

fa 

C00T2 

Carry-in 

2  ' 

23 

(44,43) 

gp 

CIN2  ' 

Ground 

6.16 

(0,32)  (39,32) 

( f a , sa) (fa) 

GND 

NOTES 

W/L  of  the  pats  transistor  is  3:1.  This  carry  chain  is 
used  every  fourth  stage  with  EX-OR  circuit  being 
evaluated  froa  P.  CIN,  and  CIN’  instead  of  P,  P',  and 
CIN'.  Note  that  the  layout  is  for  two  bits;  one  stage 
contains  the  buffered  CIN  and  the  other  is  siailar  to  the 
one  in  INC  CAR  CHAIN  1. 


C0UT2U4) 


Circuit  Schomatic  of  INC  CAR  CHAIN  1 


SCALABLE  CMOS  NO.  :  C.2.i  DATE:  3/25/85 

CELL  FAMILT  TITLE  :  INC  CAR  CHAIN  1  B7  :  GOMNI 

HEIGHT  :  64  WIDTH  :  48 


phas  e2 

TRUTH 

P 

TABLE 

CIN 

COUT 

LOGIC  EQUATION ( S ) 

0 

X 

1 

1 

COUT*  pha s e 2 '  + 

1 

0 

0 

1 

phase2 . (P'+  CIN) 

1 

0 

1 

1 

1 

1 

0 

0 

1 

1 

1 

1 

TERMINAL  INFORMATION 

Naae 

No  . 

Looat ion 

Layer 

Abbr  . 

Passl 

1,10 

(-2,15) 

(48.22) 

SP 

PI 

Pas  s2 

11,12 

(-2,50) 

(48.44) 

gp 

P2 

Voltage 

Supply 

5.15, 

(0,0)  (48,0) 

(fa.sa) (sa) 

VDD 

25,35 

(48,64) 

(0,64) 

( sa) ( fa , sa) 

Phase2 

7.17 

(7,0)  (7 

.64) 

fa , ip  ,  gp 

*2 

Zilll 

2,20 

(-2,19) 

(48.18) 

fP 

X.I 

Ki  1 12 

22,23 

(-2,45) 

(48.48) 

8P 

K2 

Carry-in 

1 

3 

(14,-1) 

fa 

CIN1 

Car ry- in 

1 ' 

13 

(44,9) 

fa 

CIN1  • 

Carry- in 

2  ' 

4 

(46,40) 

fa 

CIN2  ' 

Carry-out  2 

14 

(34,64) 

8P 

COUT2 

Ground 

6,16 

(0,32)  (48,32) 

(fa.sa) (fa) 

GND 

NOTES 

Note  that  the  layout  shows  2  bits  of  the  carry-chain; 
therefore  the  terainal  inforaation  section  is  for  two 
bits.  The  W/L  ratio  of  the  pass  transistor  is  3:1.  The 
COUT  of  this  stage  is  buffered  (every  four  stages)  to 
beeoae  the  CIN  of  the  next  stage  which  is  shown  in  the 
cell  INC  CAR  CHAIN  2.  Also,  the  ^IN  of  every  stage 
(except  the  buffered  stage)  is  inverted  to  provide  the 
active  drive  for  the  EZ-OR  circuit. 
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SCALABLE  CMOS 
CELL  FAMILY 

NO. 

TITLE 

HEIGHT 

C.l 

INC 

32 

TRUTH 

TABLE 

phasel 

Y 

P 

0 

X 

P* 

1 

0 

0 

1 

1 

1 

DATE:  3/25/85 
I/P  LATCH  BY  :  GOWN I 

WIDTH  :  66 

LOGIC  EQUATION (S) 


P  “  phasel. Y 

+  phase  1 ' . P* 


TEEM INAL  INFORMATION 


Name 

No. 

Looat ion 

Layer 

Abb  r 

Data  input 

1,10 

(0.13) 

(66.13) 

( fa , sa) ( sa) 

Y 

Ground 

2,22 

(0,0) 

(66,0) 

sa 

GND 

Voltage  Supply 

12,32 

(0,32) 

(66,32) 

sa 

VDD 

Phasel 

3,13 

(7.0) 

(7,32) 

( fa , ip , gp ) (fa) 

0, 

Phasel ' 

4.14 

(14.0) 

(14,32) 

( fa) ( fa , ip , gp ) 

*!' 

Phase2 

5,15 

(52,0) 

(52,32) 

fa 

02 

Phase2 * 

6 ,16 

(59,0) 

(59,32) 

(  f a) ( f a , ip , gp ) 

Output 

8 

(68,19) 

gp 

P2 

Output  * 

7 

(68,14) 

8P 

P' 

NOTES 


This  is  a  classic  CMOS  'D'  Latch.  The  input  is  the 
previous  Microprogram  address,  sampled  in  phasel,  and 
the  output  of  the  latch  is  stable  when  the  phase2 
feedback  switch  closes. 


operating  voltages  if  voltages  applied  to  input  or  output 
pins  cause  forward-biasing  of  pn  junctions  witbin  the  chip. 
The  resulting  high  currents  nay  cause  permanent  damage  to 
the  circuits. 

The  obvious  solution  to  latch-up  problems  is  to 
prevent  junctions  from  ever  becoming  f o rvard-b i a s ed .  and  to 
limit  externally  applied  voltages  at  levels  safely  below  VC. 
In  practice  this  proves  to  be  virtually  impossible,  due  to 
the  many  spurious  signals  that  occasionally  occur  in  digital 
systems.  Practical  solutions  to  the  latch-up  problem  is  to 
reduce  bipolar  tansistor  current  gain,  reduce  the  values  of 
R1  and  R2  ,  and  connect  p-well  to  ground  and  n-substrate  to 
+V  at  regular  intervals.  Veil  contacts  [9]  at  regular 
intervals  reduce  the  current  path  for  majority  carriers  in 
the  substrate,  thus  reducing  the  IR  product  (where  I  is  the 
current  and  R  is  the  resistance).  This  results  in  reduced 
bias  voltage  for  the  bipolar  transistors,  which  turns  them 
off.  Circuits  connected  to  input  and  output  pins  are  most 
critical  with  respect  to  latch-up.  Vhen  power  is  switched  on 
and  off,  voltages  applied  to  the  pins  of  a  chip  frequently 
go  outside  the  normal  range.  This  can  cause  latch-up. 

Care  must  be  taken  to  provide  well  contacts  for  each 
cell.  However,  if  the  cell  is  small  (less  than  40  lambda 
[9]),  it  should  at  least  be  designed  in  such  a  way  so  as  to 
share  the  well  contacts  of  the  neighboring  cells. 


both  bits  (except  for  the  INC  LOGIC  LSB) ;  however,  the 
truth-table  and  logic  equation(s)  sections  are  included  only 
for  one  bit  of  the  circuit.  X*  denotes  the  previous  state  of 
the  data  X.  A  between  two  operands  in  the  logic 
equation(s)  section  indicates  a  logical  'AND*  operation  and 
a  '+*  indicates  a  logical  'OR'  operation.  The  layouts  should 
be  designed  in  such  a  way  as  to  avoid  the  latch-up  [2] 
problem  as  explained  below. 

C  .  a  .  CMOS  LATCH-OP 

A  classic  problem  with  CMOS  integrated  circuits  is 
the  undesired  and  potentially  troublesome  parasitic  bipolar 
transistors  which  will  conduct  if  one  or  more  of  the  pn 
junctions  become  forward-biased.  Refer  to  FIG.C.a  which 
makes  it  clear  that  a  pnp  transistor  is  possible  with  the 
n-type  body  as  its  base,  while  an  npn  transistor  is  possible 
with  an  n+  source  or  drain  electrode  as  its  emitter,  the 
p-well  as  its  base,  and  the  n-type  substrate  as  its 
collector.  The  parasitic  resistors  R1  and  R2  originate  in 
the  bulk  semiconductor  material  of  the  body  and  the  p-type 
well.  Low  values  of  resistance  are  desirable  in  order  to 
make  it  more  difficult  to  forward-bias  junctions. 

Above  some  critical  voltage  (forward-biased 
emitter-base  junction  voltage)  VC,  both  bipolar  transistors 
begin  to  conduct  and  the  current  rises  sharply  from  leakage 
levels  (less  than  1  microampere)  to  a  value  limited  by 
resistors  R3  and  R4 ,  often  many  mi  1 1 iamperes .  This 
phenomenon  is  known  as  LATCH-UP.  It  can  occur  even  at  normal 
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APPENDIX  C 
CELL  LIBRARY 

The  cell  library  documents  the  layouts  of  all  the 
cells  used  in  this  design.  It  provides  the  truth-table* 
logic  equation(s),  terminal  information,  and  notes  section 
for  each  layout  followed  by  the  logic  diagram  and  circuit 
schematic  for  the  corresponding  layout.  Finally,  the  layout 
is  included  with  terminal  numbers  marked  on  it  and  the 
information  pertaining  to  these  numbers  is  obtained  in  the 
terminal  information  section.  Circles  on  the  layouts 
correspond  to  the  exact  location  of  that  particular  terminal 
and  a  triangle  indicates  that  it  is  the  reference  point  for 
the  layout.  The  design  rules  used  in  this  project  are 
scalable  and  the  basic  unit  of  length  measurement  is  called 
lambda . 

The  aspect  ratio  (W/L)  of  a  device  is  2:1  unless 
otherwise  specified.  L  is  equal  to  1.2  microns  or  3  microns, 
depending  upon  the  process  of  fabricating  the  chip.  Note 
that  for  simplicity  the  truth-tables  do  not  contain  the 
states  that  are  not  allowed.  The  four  main  layers  [5]  used 
for  interconnections  are  the  first  metal  (fm),  the  second 
metal  (sm) ,  the  gate  poly  (gp),  and  the  interconnect  poly 
(ip).  The  terminal  information  section  includes  the  name  of 
the  terminal,  the  terminal  number,  connecting  media 
(specified  by  the  layer  name)  and  the  aobreviation  for  the 
terminal  name.  The  layout  for  the  carry  chain  includes  two 
bits  of  the  carry  chain  circuit  but  the  logic  is  same  for 


The  ADF  field  of  the  Microinstruction  eonld  be  need 
as  an  explicit  address  source  or  as  a  count  for  looping.  It 
is  sampled  in  phase2  and  available  as  stable  output  in 
phasel . 

The  12-bit  ADF  Latches  output  (A)  is  used  as  an 
address  source  for  MUX1.  The  8  least  significant  bits  of  'A' 
are  used  as  a  count  (N) .  The  schematic  has  not  been  included 
since  it  consists  of  inverters  and  switches  whose  schematics 
have  been  shown  previously  with  respect  to  other  macros. 


SCALABLE  CMOS 

NO. 

C.3 

DATE:  3/25/85 

CELL 

FAMIL7 

TITLE 

EX-OR 

B7  :  GOVNI 

HEIGHT 

32  WIDTH 

:  25 

TRUTH 

TABLE 

LOGIC  EQUATION ( S ) 

P 

CIN 

X 

0 

0 

0 

0 

1 

1 

X  -  P .CIN  '  +  CIN . P  * 

1 

0 

1 

1 

1 

0 

TERMINAL  INFORMATION 


Name 

No  . 

Location 

Layer 

Abbr 

Pass 

1 

(-2.23) 

IP 

P 

Pass  ' 

10 

(-2.11) 

SP 

P' 

Voltage  Supply 

4.14 

(0.32)  (25,32) 

( si) ( fm , sm) 

VDD 

carry-in 

2 

(0,17) 

fm 

CIN 

Output 

3 

(27,15) 

fm 

X 

Ground 

5,15 

(0,0)  (25,0) 

( fm, sm) ( sm) 

GND 

NOTES 

X  is  the  exclusive-OR  of  P  snd  CIN.  Note  that  the  BX-OR 
is  evaluated  in  a  different  way  with  the  carry-chain 
which  has  its  CIN  buffered.  Note  that  the  logic  is  taae 
in  both  cases  but  the  interconnections  (between  the 
carry— chain  and  the  EX-OR  circuits)  are  different.  This 
is  done  in  order  to  save  layout  area.  Note  that  X  is  I 
for  INC  macro  and  D  for  DEC  macro. 


SCALABLE  CMOS  NO.  :  C.4  DATE:  3/25/85 

CELL  FAMILY  TITLE  :  INC  O/P  LATCH  BY  :  GOWNI 

HEIGHT  :  32  WIDTH  :  97 

TRUTH  TABLE  LOGIC  EQUATIONS ) 

Y  -  SA'  .  Y* 

+  SA  .  IOP 

IOP  *  pha  s  e  2 ' .C ' .IOP* 
+  C ’  +  phase2  .  C ' . I 


phase2  I  C  IOP  IOP  SA  Y 

0  x  0  IOP*  x  0  Y* 

0  x  1  0  0  1  0 

1  0  0  0  1  1  1 

1  10  1 


TERMINAL  INFORMATION 


Name 

No  . 

Looat ion 

Layer 

Abb  r 

Data  input 

1 

(0,16) 

fa 

I 

Ground 

2,22 

(0.0) 

(97,0) 

sa 

GND 

Voltage  Supply 

12,32 

(0,32) 

(97.32) 

sa 

VDD 

Phase2 

3,13 

(7.0) 

(7,32) 

( fa, ip ,gp) ( fa) 

02 

Phas e2  ' 

4,14 

(14,0) 

(14,32) 

( fa) ( fa , ip , gp) 

Phasel' 

5,15 

(52,0) 

(52,32) 

(fa) ( fa , ip , gp ) 

A 

Phasel 

6,16 

(59.0) 

(59,13) 

fa 

Address 

7,17 

(0.14) 

(97.14) 

sa 

T1 

Output 

10 

(94,20) 

fa. ip ,gp 

IOP 

Select  IOP 

8,18 

(80,0) 

(80,32) 

( fa , ip , gp ) (fa) 

SI 

Clear/Increaent 

9,19 

(87,0) 

(87,32) 

( fa, ip ,gp) ( fa) 

C 

NOTES 

This  is  a  classic  CMOS  ’D’  Latch.  The  output  of  EX-OR  in 
the  INC  LOGIC  (I)  is  the  input,  sampled  in  phase2,  and  is 
stable  when  the  phase2  feedback  switch  closes.  The 
Clear/Increaent  (C)  signal  is  a  phasel  control  fxoa  PLA. 
The  output  of  the  INC  0/P  LATCH  (IOP)  is  cleared  when  C 
is  high.  The  Select  IOP  (SI)  is  a  control  froa  PLA  to 
MUX1  which  is  iapleaened  as  a  distributed  bus  structure. 
When  high  selects  the  IOP  as  the  aicroprograa  address(Y). 
W/L  ratio  of  the  N-trans istor ,  that  clears  the  IOP,  is 
4:1  sinee  it  has  to  owerooae  the  P-transistor  of  the 
second  inwerter  stage  of  the  INC  O/P  LATCH.  C  is  0  in 
phas  e2 . 


SCALABLE 

CMOS 

NO. 

c.s 

DATE:  3/25/85 

CELL  FAMILY 

TITLE 

INC  LOGIC 

LSB 

BY  :  GOVNI 

HEIGHT  : 

32  TIDTH 

:  70 

TRUTH 

TABLE 

LOGIC  EQUATION ( S ) 

phase2 

PO 

COUTO 

10 

0 

0 

1 

1 

COUTO 

=  phase2 '  + 

0 

1 

1 

0 

phase2 .PO 

1 

0 

0 

1 

I 

1 

1 

0 

10  = 

PO' 

TERMINAL  INFORMATION 


Naae 

No. 

Loeat ioa 

Layer 

Abbr . 

Pas  aO 

1 

(0,14) 

fa, ip ,gp 

PO 

OatpatO 

2 

(70.15) 

fa 

10 

Pas  si 

7 

(-2,51) 

(P 

PI 

Eilll 

8 

(-2,47) 

IP 

Cl 

Oatpatl 

9 

(72,47) 

fa 

11 

Voltage  Sapply 

5.15, 

(0.0)  (0,64) 

sa 

VDD 

25.35 

(70,0)  (70,64) 

( sa) ( fa , sa) 

Phas  e2 

4.14 

(7,0)  (7.64) 

( fa) ( fa, ip ,gp) 

*2 

Carry-oat  1 

3 

(14,64) 

fa 

C0UT1 

Groaad 

6,16 

(0,32)  (70.32) 

sa 

GND 

NOTES 

Tills  is  the  lesst  sigalfiosnt  stsge  of  the  INC  LOGIC  ia 
INC  atoro.  The  carry-oat  of  this  stage  is  the  carry-ia  to 
the  first  stage.  The  layoat  shows  the  INC  LOGIC  LSB  aloag 
with  the  first  bit  of  the  carry  chaia.  Beaoe  the  teraiaal 
iaforaatioa  seetioa  iaolades  both  the  stages. 
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SCALABLE  CMOS  NO.  :  C.6  DATE:  3/25/85 

CELL  FAMILY  TITLE  :  SS  INTERFACE  BY  :  GOWNI 

HEIGHT  :  32  WIDTH  :  50 


TRUTH  TABLE 

01F  IOP  DF  F  SF  Y 


LOGIC  EQUATION (S) 


0  x  DF* 
10  0 
111 


x  0  Y* 
0  10 
111 


Y  *  SF .F  +  SF' .Y* 
DF  =  01F  * .  DF* 

+  01F.IOP 


i 


i 


TERMINAL  INFORMATION 


Name 

No. 

Location 

Layer 

Abb  r  . 

Input 

1 

(-2.1 9) 

fm 

IOP 

Ground 

2,22 

(0,0)  (50,0) 

sm 

GND 

Voltage  Supply 

6.16 

(0,32)  (50,32) 

sm 

VDD 

Phasel  Forward 

4,14 

(36,0)  (36,32) 

( fm , ip , gp )  (  fm) 

01F 

Phasel  Forward' 

5.15 

(43,0)  (43,32) 

(  fm)  (  fm  ,  ip  ,  gp  ) 

01F  ' 

Data  to 

8 

(50,20) 

fm , ip . gp 

DF 

Stack  top 
Data  from 

7 

(52,14) 

8P 

F 

Stack  top 
Select  F 

3,13 

(7,0)  (7,32) 

( fm, ip , gp ) ( fm) 

SF 

Address 

9,19 

(0,14)  (50,14) 

( fm , sm) ( sm) 

Y 

NOTES 


Tliis  is  the  interface  between  the  INC  and  SS  macros. The 
input  is  the  incremented  output  (IOP)  if  it  is  a  PUSH 
operation  or  stack  top  (F)  if  it  is  a  POP  operation.  The 
Select  F  (SF)  is  a  control  from  the  PLA  to  MUX1 ,  which 
when  high,  selects  the  stack  top  (F)  as  the  microprogram 
address  . 
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SCALABLE  CMOS  NO.  :  C.7  DATE:  3/25/85 

CELL  FAMILY  TITLE  :  PD  STACK  (l/2_)  BY  :  GOWNI 

HEIGHT  :  32  WIDTH  :  42 


LOGIC  EQUATION ( S ) 


QB  -  ^2B' .QB* 

+  02B(DF+DB) 

QF  =  02F '  .  QF* 

+  02F . (DF+DB) 


TERMINAL  INFORMATION 


Name 

No. 

Location 

Layer 

Abb  r . 

Input  from 

1 

(-2.19) 

gP 

DF 

the  left  half 
Input  from 

6 

(44,14) 

8P 

DB 

the  right  half 
Output  to 

9 

(0.13) 

fm , ip  .  gp 

QB 

the  left  half 
Output  to 

8 

(42.20) 

fm  , ip , gp 

QF 

the  right  half 
Phase2B 

4.14 

(14.0)  (14,32) 

(  fm  ,  ip  ,  gp  )  (  fm) 

02B 

(PhaselB) 

Pha  s  e  2  B ' 

3  .13 

(7.0)  (7.32) 

(  fm) ( fm , ip , gp ) 

02B ' 

(PhaselB* ) 

Pha  s  e  2F 

5.15 

(28.0)  (28,32) 

(  f  m  ,  ip  ,  gp  )  (  f  m ) 

02F 

(PhaselF) 

Pha  s  e  2F  ’ 

6 .16 

(35,0)  (35.32) 

(  fm ) ( fm , ip , gp ) 

02F  ' 

(PhaselF  '  ) 
Voltage  Supp  ly 

12 ,32 

(0,32)  (42,32) 

sm 

VDD 

Ground 

2,22 

(0.0)  (42,0) 

sm 

GND 

NOTES 


This  is  half-word  of  a  pash-down  stack.  Names  within  the 
parentheses  apply  to  the  next  half-word  of  the  stack. 


TRUTH  TABLE 

(DF  +  DB)  02 B  02F  QB  QF 

x  0  0  QB*  QF* 

x  11  not  allowed 

0  10  0  QF* 

1  101  QF* 

0  11  QB*  0 

1  01  QB*  1 


SCALABLE  CMOS 
CELL  FAMILY 

NO. 

TITLE 

HEIGHT 

:  C.ll 
:  AND 

:  60  WIDTH  : 

10 

DATE:  3/25/85 
BY  :  GOVNI 

TRUTH 

TABLE 

LOGIC 

EQUATION ( S ) 

A 

B 

Z 

Z 

-  (A. 

B)  • 

0 

0 

1 

0 

1 

1 

1 

0 

1 

1 

1 

0 

» 

TERMINAL  INFORMATION 


Naae 

No  . 

Location 

Layer 

Abbr 

AND  Plane 

1.11 

(10.15)  (0.15) 

( fa , ip , gp ) (fa) 

A 

input  A 

AND  Plane 

2.12 

(10.22)  (0,22) 

( fa , ip , gp) (fa) 

B 

input  B 

Output 

3 

(5,36) 

fa ,  sa 

Z 

Phasel 

6.16 

(-2,9)  (12.9) 

SP 

7.17 

(-2,50)  (12,50) 

fP 

Voltage  supply 

4.14 

(0,60)  (10,60) 

fa 

VDD 

Ground 

5.15 

(0,0)  (10,0) 

fa 

GND 

NOTES 

The  actual  AND-plane  in  the  PLA  consists  of  twelve  inputs 
and  eighteen  outputs.  The  AND-plane  is  n-type  and 
prograaaed  in  poly.  Veil  contacts  are  not  shown  in  this 
circuit  but  they  are  added  at  regular  intervals  in  the 
total  AND-plane. 


.-•] 


■A 


.•-] 


-A 


v  < 
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SCALABLE  CMOS  NO.  :  C.10  DATE:  3/25/85 

CELL  FAMILY  TITLE  :  BUS  PRECHARGE  BY  :  GOVNI 

HEIGHT  :  32  WIDTH  :  14 


TRUTH  TABLE 
phasel  T 


LOGIC  EQUATION ( S ) 


0  1 


Y  =  phasel  ' 


1  (A+I+F+M) 


+  phasel . (A+I+F+M) 


TERMINAL  INFORMATION 


Name 

No  . 

Locat ion 

Layer 

Abb  r  . 

Address 

1.5 

(0,13)  (14,13) 

fm ,  sm 

Y 

Phasel 

3.13 

(7,0)  (7,32) 

( fm) ( fm, ip , gp ) 

Voltage  Supply 

4,14 

(0,32)  (14,32) 

(  fm , sm) ( sm) 

VDD 

Ground 

2.22 

(0,0)  (14,0) 

sm 

GND 

NOTES 

MUX1  is  implemented  as  a  distributed  bus  structure.  The 
output  of  MUX1 ,  which  is  the  aicroprograa  address  Y.  runs 
horizontally  as  a  bus  across  the  microsequencer  chip. 
This  address  bus  (Y)  is  precharged  high  in  phasel'  and 
conditionally  discharged  in  phasel.  The  BUS  PRE  cell  is 
used  to  precharge  the  address  bus.  The  W/L  ratio  of  the 
P-transistor  is  4:1  since  it  has  to  precharge  a  large 
capacitance  on  the  bus. 


Circuit  Schematic  of  MAP 


TKUTH  TABLE 


LOGIC  EQUATION ( S ) 


M 


SM 


Y 


Y  *  SM' .Y* 


x  0  Y* 

0  10 
110 


+  SM  .M 


TERMINAL  INFORMATION 


Name 

No  . 

Locat ion 

Layer 

Abb  r 

Addr e  s  s 

1 

(0,7) 

fm 

Y 

Mapped  output 

5 

(14,7) 

fm 

M 

Select  M 

3 . 13 

(7,0)  (7,32) 

(  fm ,  ip  ,  gp )  (  fm) 

S 

Voltage  Supply 

4,14 

(0,32)  (19,32) 

sm 

Ground 

2,22 

(0,0)  (19,0) 

( sm) ( fm , sm) 

NOTES 

The  5  least  significant  bits  of  the  napped  output  (M)  are 
the  op-code  bits  and  the  7  most  significant  bits  are 
cleared  to  zero.  The  Select  M  (SM)  is  a  control  from  the 
PLA  to  MUX1  in  phasel  which,  when  high,  selects  the 
mapped  output  as  the  microprogram  address  (Y) .  SM  is  0  in 
phase  1  *  . 


Circuit  Schematic  of  ADF  LATCH 
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SCALABLE  CMOS  NO.  :  C.8  DATE:  3/25/85 

CELL  FAMILY  TITLE  :  ADF  LATCH  BY  :  GOWNI 

HEIGHT  :  32  WIDTH  :  87 


TRUTH 

TABLE 

LOGIC  EQUATION ( S ) 

phas  e2 

ADF 

A 

SA 

A 

Y 

A  *  phase2 ' .A* 

-  « 

0 

X 

A* 

0 

X 

Y* 

+  phase2.ADF 

1 

0 

0 

1 

0 

0 

Y  =  SA'  .!• 

1 

l 

1 

1 

i 

1 

+  SA.Y 

- 

TERMINAL  INFORMATION 


Name 

No. 

Location 

Layer 

Abb  r 

Data  input 

1 

(0,16) 

f  m 

ADF 

Ground 

2,22 

(0,0) 

(87,0) 

sm 

GND 

Voltage  Supply 

12,32 

(0.32) 

(87,32) 

sa 

VDD 

Phasel 

6,16 

(59.0) 

(59,32) 

fm 

Phasel ' 

5,15 

(52.0) 

(52,32) 

(  fm) ( fm , ip , gp ) 

Phase2 

3  ,13 

(7,0) 

(7,32) 

(  fm , ip . gp )  (  fm) 

*2 

Phas  e2  ' 

4,14 

(14.0) 

(14,32) 

(  f  m)  (  f  m  ,  ip  ,  gp ) 

*2' 

Addre  s  s 

8,18 

(0.13) 

(87,13) 

sm 

Y2 

Output 

9 

(87,22) 

sm ,  fm 

A 

Select  A 

7.17 

(80,0) 

(80,32) 

( fm , ip , gp )  (  fm) 

SA 

NOTES 

This  is  s  classic  CMOS  'D'  Latch.  The  inpat  is  the  ADF 
field  of  the  previous  ■ ic r o ins t rue t ion  (ADF),  sampled  in 
phase2,  and  becomes  a  stable  output  (A)  when  the  phasel 
feedback  switch  closes.  The  Se'ect  A  (SA)  is  a  control 
from  the  PLA  to  MUX1  in  phasel  which,  when  high,  selects 
the  ADF  Latches  output  (A)  as  the  microprogram  address. 
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SCALABLE  CMOS 

NO. 

C.12 

DATE: 

3/25/85 

CELL  FAMILY 

TITLE 

OR 

BY 

GOWNI 

HEIGHT 

39  WIDTH  :  8 

TRUTH  TABLE 

LOGIC  EQUATION ( S ) 

X 

Y  S 

S  -  (X.Y) ' 

0  0  1 
Oil 
10  1 
110 


TERMINAL  INFORMATION 


Name 

No. 

Location 

Layer 

Abbr . 

OR  Plane 

1.11 

(-4,27)  (12,27) 

8P 

X 

input  X 
OR  Plane 

2,12 

(-4,35)  (12,35) 

gp 

I 

input  Y 
Output 

3,13 

(0.0)  (0,39) 

fm 

S 

Phasel ' 

7,17 

(0,14)  (9,14) 

gp 

Voltage  supply  4,14 

(8,23)  (8,39) 

( sm) ( fm , sm) 

VDD 

Ground 

5,15 

(0,0)  (10,0) 

( sm) ( f m , sm) 

GND 

The  power 

supply  runs 

NOTES 

in  first  metal 

between  two 

output 

lines  spaced  16  lambda  apart.  The  actual  OR-plane  has  18 
inputs  and  17  outputs.  The  layout  shows  only  one  output 
line.  The  OR-plane  is  p-type  and  programmed  in  active. 


SCALABLE  CMOS 
CELL  FAMILY 


NO.  :  C.13 

TITLE  :  PLA  I/P  LATCH 

HEIGHT  :  37  WIDTH  :  6 3 


DATE:  3/25/85 
BY  :  GOWNI 


TRUTH  TABLE 
phase2  D  Q 

0  x  Q* 

1  0  0 

1  11 


LOGIC  EQUATION ( S ) 


Q  =  phase2 ' .Q* 
+  phase2 . Q 


TERMINAL  INFORMATION 


Name 

No  . 

Location 

Laye  r 

Abb  r  . 

Data  input 

1 

(63,18) 

fm 

D 

Ground 

9,19 

(0,0)  (63,0) 

SB 

GND 

Voltage  Supply 

8,18 

(0,37)  (63,37) 

sa 

Phasel 

3,13 

(7,0)  (7,37) 

fm 

Phase  1  * 

4,14 

(14,0)  (14,37) 

(  fm)  (  fm ,  ip  ,  gp ) 

ii' 

Phas  e2 

5.15 

(51.0)  (52,39) 

( f m , ip , gp )  (  f m) 

*2 

Phase2 » 

6,16 

(57,-2) (58,37) 

( fm) ( f m , ip  ,  gp  1 

Output 

8 

(-2,23) 

8P 

QZ 

Output  * 

7 

(-2,27) 

gp 

Q' 

NOTES 


This  is  a  CMOS  'D'  Latch.  The  input  can  be  one  of  the  four 
BR  field  bits  or  the  test  flag  T.  The  input  is  sampled  in 
phase2  and  is  stable  in  phasel  when  the  feedback  switch 
closes.  Sampling  time  is  phase2 '  *phasel  ’  for  T  input.  The 
devices  in  the  inverters  of  the  latch  have  W/L  ratios  of 
3:1. 


Circuit  Schematic  of  PLA  I/P  LATCH 


i.'  I  'VI  M  l  »  MM  ■  *MMM  >1.  ■  !  M  !  ■  !  U  M 
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SCALABLE  CMOS 
CELL  FAMILY 

NO. 

TITLE 

HEIGHT 

C  .14 

PHI  BUF 

42  WIDTH  : 

BY 

46 

DATE:  3/25/85 
:  GOWNI 

TROTH 

TABLE 

LOGIC 

EQUATION ( S ) 

D 

Q 

0 

0 

1 

1 

Q 

=  D 

TERMINAL  INFORMATION 

Name 

No  . 

Location 

Layer 

Abbr  . 

Data  input 

1 

(23,42) 

fm, ip  ,gp 

D 

Ground 

2,3 

(0,30)  (46,30) 

( sa) ( fa , sa) 

GND 

4 

(46,15) 

fa 

Voltage  Supply 

5,6 

(0,0)  (46,0) 

( f a , sa) ( sa) 

VDD 

7 

(0,15) 

fa 

Output 

8 

(23,0) 

fa  , ip , gp 

Q 

Output  ' 

9,10 

(16,0)  (30,0) 

fa 

Q' 

NOTES 


The  V/L  ratio  of  the  devices  used  ia  the  inverters  of  the 
buffers  is  6:1  since  the  buffers  have  to  drive  large 
capacitances  in  the  microsequencer  logic.  The  inputs  to 
these  buffers  are  the  OS-plane  outputs  and  the  buffered 
outputs  ripple  through  in  phasel  to  control  the  phasel 
aic ro s e quenc e r  logic. 


Logic  Diagram  of  PHI  BUF 


Circuit  Schematic  of  PHI  BUF 


SCALABLE  CMOS 
CELL  FAMILY 

NO. 

TITLE 

HEIGHT 

C.15 

PH2  BUF 

58  WIDTH  : 

DATE:  3/25/85 
BY  :  GOWNI 

46 

TROTH 

TABLE 

LOGIC  EQUATION ( S ) 

phas  e2 

D 

Q 

0 

X 

1 

1 

0 

0 

Q 

=  phase2  ' 

1 

1 

1 

+  phas  e2  .D 

TERMINAL  INFORMATION 

Name 

No. 

Location 

Layer 

Abbr  . 

Data  input 

1 

(23,57) 

fm, ip , gp 

D 

Ground 

2.3 

(0,30)  (46,30) 

( sm) ( fm , sm) 

GND 

4 

(46,15) 

fm 

Voltage  Supply 

5,6 

o 

V© 

o 

o 

( fm , sm) ( sm) 

VDD 

7 

(0,15) 

fm 

Output 

8 

(23,0) 

fm, ip ,gp 

Q 

Output ' 

9,10 

(16,0)  (30,0) 

fa 

Q' 

Phas  el 

3,13 

(0,50)  (46,50) 

sm 

Phasel ' 

4.14 

(0,58)  (46,58) 

sm 

Phas  e2 

5,15 

(0,42)  (46,42) 

sm 

*2 

NOTES 


The  W/L  ratio  of  the  devices  ased  in  the  inverters  of  the 
buffers  is  6:1  since  the  buffers  have  to  drive  large 
capacitances  in  the  microsequencer  logic.  The  inputs  to 
these  buffers  are  the  01-plane  outputs  and  they  are  gated 
in  phase2  to  drive  the  phase2  controls. 


SCALABLE  CMOS 
CELL  FAMILY 


NO.  :  C.16 
TITLE  :  DEC  LATCH 
HEIGHT  :  32  WIDTH  :  42 


bATE:  3/25/85 
BY  :  GOWNI 


TRUTH  TABLE 

LOGIC  EQUATION ( S ) 

MD  ' 

L  L' 

0 

1  0 

1 

0  0 

L  =  MD 

ft 

TERMINAL  INFORMATION 


Name 

No  . 

Loc  a  t ion 

Layer 

Abbr . 

Data  input 

1 

(2.19) 

SP 

MD  ' 

Ground 

2,22 

(0,0)  (42,0) 

SB 

GND 

Voltage  Supply 

12,32 

(0,32)  (42,32) 

SB 

VDD 

Phase2 

5,15 

(28,0)  (29,34) 

fm 

*2 

Phase2 * 

6.1 6 

(35,0)  (35,32) 

(  f  m) ( f m , ip , gp ) 

*2' 

Output 

8 

(44,15) 

gp 

L2 

Output ' 

7 

(44,19) 

gP 

L' 

NOTES 


a 


This  is  a  classic  CMOS  'D'  Latch.  The  input  is  the 
inverted  output  of  DEC  MUX  (MD'),  and  the  output  (L)  of 
the  latch  is  stable  when  the  phase2  feedback  switch 
closes.  MD  is  the  output  of  DEC  MUX. 
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SCALABLE  CMOS  NO.  :  C.17.i  DATE:  3/25/8S 

CELL  FAMILY  TITLE  :  DEC  CAR  CHAIN  1  BY  :  GOVNI 

HEIGHT  :  64  WIDTH  :  48 


phase2 

troth 

P 

TABLE 

CIN 

COOT 

LOGIC  EQOATION(S) 

0 

X 

1 

1 

COOT-  phase2'  + 

1 

0 

0 

1 

phase2 . (P  *  +  CIN) 

1 

0 

1 

1 

1 

1 

0 

0 

1 

1 

1 

1 

TERMINAL  INFORMATION 


Naae 

No. 

Location 

Layer 

Abb  r . 

Pas  s  1 

1,10 

(-2,15) 

(48,22) 

BP 

PI 

Pas  s2 

11,12 

(-2,50) 

(48,48) 

BP 

P2 

Voltage  Supply 

5,15. 

(0,0)  (48,0) 

( fa , sa) ( sa) 

VDD 

25,35 

(0,64) 

(48,64) 

( fa . sa) ( sa) 

Phase2 

7,17 

(7,0)  (7,64) 

fa. ip , gp 

*2 

Eilll 

2,20 

(-2,19) 

(48,18) 

SP 

Kl 

K  i  1 12 

22,23 

(-2,45) 

(48,44) 

BP 

12 

Carry-in  1 

3 

(14,-1) 

fa 

CIN1 

Carry-in  1* 

13 

(44,9) 

fa 

CIN1  • 

Carry-in  2' 

4 

(46,40) 

fa 

CIN2  » 

Carry-out  2 

14 

(34,64) 

BP 

COOT2 

Ground 

6,16 

(0,32) 

(48,32) 

( fa , sa) (fa) 

GND 

NOTES 


The  W/L  ratio  of  the  pas*  transistor  is  3:1.  The  COUT  of 
this  stage  is  buffered  (every  fonr  stages)  to  beooae  the 
CIN  of  the  next  stage  which  is  shown  in  the  cell  DEC  CAR 
CHAIN  2.  This  cell  is  siailar  to  the  cell  INC  CAR  CHAIN 
1,  without  the  kill  and  evaluation  devices. 


C0UT2  (14) 


Circuit  Schematic  of  DEC  CAR  CHAIN  1 


SCALABLE  CMOS 
CELL  FAMILY 


NO.  :  C  .  17 . i i 
TITLE  :  DEC  CAR  CHAIN  2 
HEIGHT  :  64  WIDTH  :  48 


DATE:  3/25/85 
BY  :  GOWNI 


TRUTH  TABLE 
phase2  P  CIN 


0 

1 

1 

1 

1 


z 

0 

0 

1 

1 


1 

0 

1 

0 

1 


COUT 


1 

1 

1 

0 

1 


LOGIC  EQUATION ( S ) 

COUT*  phase2 '  + 

pha  s  e2 . (P ' +  CIN) 


TERMINAL  INFORMATION 


Naae 

No. 

Locat ion 

Layer 

Abbr . 

Passl 

1,10 

(-2.13) 

(44,18) 

>P 

PI 

Pas  s  2 

11,12 

(-2,50) 

(41,64) (gp) (fa, ip  , 

gp)  P2 

Voltage  Supply 

5.15, 

(0,0)  (48,0) 

( fa , sa) ( sa) 

VDD 

25,35 

(0,64) 

(48,64) 

( fa , sa) ( sa) 

Phas  e2 

7,17 

(7.0)  (7.64) 

fa .  ip  ,  gp 

*2 

Cilll 

2,20 

(-2,17) 

(44,14) 

IP 

Kl 

Carry-in 

1 

3 

(35,1) 

fa, ip  ,gp 

CIN1 

Carry-in 

1 ' 

13 

(42,6) 

fa 

CIN1 ' 

Carry-in 

2 

24 

(44.49) 

IP 

CIN2 

Carry-out 

2 

14 

(13,64) 

fa 

COUT2 

Carry-in 

2  * 

23 

(44,43) 

fP 

CIN2  ' 

Ground 

6,16 

(0,32) 

(48.32) 

( f a , sa) (fa) 

GND 

NOTES 

The  W/L  of  the  past  transistor  is  3:1.  This  carry  chain 
is  used  every  fonrth  state  with  the  EX-OR  circuit  being 
evaluated  fro*  P,  CIN,  and  CIN’  instead  of  P,  P'.  and 
CIN.  Note  that  P’  is  sase  as  E.  CIN  and  CIN*  are  obtained 
froa  the  buffer  as  shown  in  the  logic  diagram  and  the 
circuit  seheaatic  on  the  following  page.  This  cell  is 
siailar  to  the  cell  INC  CAR  CHAIN  2,  without  the  kill  and 
evaluation  blocks. 


C0UT2  (14) 


cult  Schematic  of  DEC  CAR  CHAIN  2 
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SCALABLE  CMOS 
CELL  FAMILY 


SO.  :  C.18 

TITLE  :  DEC  O/P  LATCH 

HEIGHT  :  32  WIDTH  :  66 


DATE:  3/25/85 
BY  :  GOWNI 


TRUTH  TABLE 


LOGIC  EQUATION ( S ) 


phase2  D  DOP 


DOP* 


IOP  =  phase2 ' .DOP* 

+  phase2 . D 


TERMINAL  INFORMATION 


Name 

No  . 

Loeat ion 

Layer 

Abbr 

Data  input 

1 

(66,17) 

fa 

D 

Ground 

2,22 

(0.0) 

(66.0) 

SB 

GND 

Voltage  Supply 

12,32 

(0,32) 

(66.32) 

SB 

VDD 

Pha  s  e2 

3.13 

(59.0) 

(59,32) 

( fB . ip  , 

gp ) (fa) 

*2 

Pha  s  e  2  ' 

4,14 

(52,0) 

(52,32) 

( fa) ( fa 

, ip ,gp) 

02' 

Phasel 

5.15 

(14,0) 

(14,32) 

fa 

*1 

Phasel ' 

6 ,16 

(7,0) 

(7,32) 

(  fa) ( fa 

- ip  »8P) 

D&P 

Output 

7 

(66,11) 

SB 

NOTES 

This  is  a  classic  CMOS  *D'  Latch.  The  output  (D)  of  the 
EX-OS  circuit  in  the  DEC  LOGIC  is  the  input,  saaipled  in 
phase2  and  is  stable  when  the  phasel  feedback  switch 
c  loses  . 


SCALABLE  CMOS 
CELL  FAMILY 


MO. 

TITLE 

HEIGHT 


C.  19 

DEC  LOGIC  LSB 
6 4  WIDTH  :  70 


DATE:  3/25/85 
BY  :  GOWNI 


TRUTH  TABLE 

phase2  PO  COUTO  DO 


LOGIC  EQUATION ( S ) 


0 

0 

1 

1 


0  1  1 
110 
0  10 
10  1 


COUTO  =  phase2*  + 

phase!  ,P0  ’ 

DO  =■  PO 
(where  PO-LO ' ) 


TERMINAL  INFORMATION 


Name 

No. 

Loc  a  t ion 

Layer 

Abb  r  . 

Pas  sO 

1 

(-2,13) 

gP 

PO 

OutputO 

2 

(70,17) 

fm 

DO 

Pas  s  1 

7 

(-2.51) 

gP 

PI 

Killl 

8 

(-2.47) 

gP 

El 

Output  1 

9 

(72.47) 

fm 

D 1 

Voltage  Supply 

5.15, 

(0,0)  (0,64) 

sm 

VDD 

25,35 

(70,0)  (70,64) 

( sa) ( fa, sa) 

Pha  s  e  2 

4,14 

(7,0)  (7,64) 

(  f  m)  (  fm ,  ip  ,  gp ) 

0 , 

carry-out  1 

3 

(14,64) 

fm 

COUT1 

Ground 

6,16 

(0,32)  (70,32) 

( fm, sm) ( sm) 

GND 

NOTES 

This  is  the  least  significant  stage  of  the  DEC  LOGIC  in 
the  DEC  macro.  The  carry-out  of  this  stage  is  the 
carry-in  to  the  first  stage.  The  layont  shows  the  DEC 
LOGIC  LSB  along  with  the  first  bit  of  the  carry  chain 
(similar  to  the  one  in  DEC  CAR  CHAIN  1).  Hence  the 
terminal  information  section  includes  both  stages. 


SCALABLE  CMOS 
CELL  FAMILY 


NO. 

TITLE 

HEIGHT 


C  .20 
ZD 

32  WIDTH 


DATE:  3/25/85 
B7  :  GOWNI 


TERMINAL  INFORMATION 


Name 

No. 

Location 

Layer 

Abbr 

Voltage 

supply 

1,2 

(0,32)  (8.32) 

sm 

VDD 

Ground 

3,4 

(0,0)  (50,32) 

sm 

GND 

Common 

dra  in 

5.6 

(8,0)  (8,32) 

fm 

Z 

node  (ZD  output) 
Common  source  7,8 

(0,0)  (0,32) 

fm 

X 

node 

Input 

9,19 

(-2,11)  (10,11) 

8V 

L 

Input ' 

10,20 

(-2,15)  (10,15) 

«P 

L  * 

NOTES 

This  cell  shows  only  one  inpnt  of  the  ZD.  Actually,  ZD  is 
an  array  of  8  such  cells  in  positive  y  direction.  The 
circuit  schematic  on  the  neat  page  shows  the  precharge 
and  evaluation  devices  whose  layouts  are  shown  in  the 
cell  ZD  LSB.  The  inputs  to  the  ZD  are  the  8  bits  of  LCR 


SCALABLE  CMOS 
CELL  FAMILY 


NO. 

TITLE 

HBIGHT 


C.21 
ZD  LSB 
32  VIDTH 


TRUTH  TABLE 


DATE:  3/25/85 
BY  :  GOWNI 


LOGIC  EQUATION! S ) 


ph«>  e2 


(LO  +  LI  . . +L7 ) 


Z  *  phase2 

+  phas e2 .  ( L0  +  L1+  .  . L7 ) 


TERMINAL  INFORMATION 


Naae 


No.  Location 


Layer 


Pha s  e  2  5  (15,0)  fa 

Voltage  Supply  3,13  (0,30)  (33,30)  (ta) (£a,sa) 

23  (33,15)  fa 

Ground  4,14  (0,0)  (33,0)  (fa,sa)(sa) 

24  (0,15)  fa 

Coaaon  drain  1  (26,30)  fa 

node  (ZD  output) 

Coaaon  source  2  (8,30)  fa 

node 


NOTES 

This  cell  consists  of  the  precharge  and  the  evaluation 
devices  for  the  cell  ZD. 


Circuit  Schematic  of  ZD  USB 


TRUTH  TABLE 
FOR  DEC  MUX 


LOGIC  EQUATION ( S ) 
FOR  DEC  MUX 


N 

DOP 

LCS2 

LC 

LD 

LL 

MD 

MD  -  LD .DOP  +  LC.N 

X 

X 

X 

0 

0 

0 

MD* 

+  LL.LCS2 

X 

X 

0 

0 

0 

1 

0 

X 

X 

1 

0 

0 

1 

1 

X 

0 

X 

0 

1 

0 

0 

X 

l 

X 

0 

1 

0 

1 

0 

X 

X 

1 

0 

0 

0 

l 

X 

X 

1 

0 

0 

1 

TRUTH  TABLE 

FOR  LCS  INT 

LOGIC  EQUATION ( S ) 
FOR  LCS  INT 

MD 

MD 

'  02F 

DF 

DF  -  pha s e2F ' .DF* 

+  p h a s  e2F . MD  ' 


NOTES 

The  layout  for  this  cell  includes  the  layouts  of  DEC  MUX 
and  LCS  INT.  Truth  table  and  logic  equation(s)  sections 
for  these  cells  are  shovn  separately  but  the  terainal 
inforaation  section  is  saae  as  shown  on  the  following 

page  . 


SCALABLE  CMOS 
CELL  FAMILY 


NO.  :  C . 22  DATE:  3/25/85 

TITLE  :  DEC  MUX  +  LCS  INT  BY  :  GOWNI 
HEIGHT  :  32  WIDTH  :  113 


TERMINAL  INFORMATION 


Nta< 

Decremented 

output 

External  connt 
Second  word  of 
LCS 

Load  LCS2 
(Load  LCS2 )  ' 
Load  DOP 
(Load  DOP)  ' 
Load  count 
( Load  connt ) ' 
Data  from 
LCS  top 
Output  to 
DEC  LATCH 
Output  to 
LCS  top 

Voltage  supply 
Ground 
Phase2F 
Pha  s  e  2F ' 


Looat ion 

(0,11) 

(-2.24) 

(113,10) 


Layer 
fm ,  sm 

sm 

f  m ,  sm 


Abb  r 


4.14  (99,0)  (99,32)  ( fm, ip , gp ) ( fm)  LL 

24.34  (106,0)  (106,32) (fm) (fm. ip. gp)  LL * 

5.15  (14,0)  (14,32)  (fm.ip.gp) (fm)  LD 


5.15  (14,0)  (14,32) 

25.35  (7,0)  (7,32) 

6.16  (28,0)  (28,32) 

26.36  (35,0)  (35,32) 

7  (115,14) 

8  (-2.19) 


(  fm)  (  fm ,  ip  ,  gp )  LD  * 
(  fm ,  ip  ,  gp)  (  fm)  LC 
( fm) ( fm, ip , gp  )  LC ’ 
gp  QB 


9  (115,19)  gp  DF 

10.20  (0,32)  (113,32)  sm  VDD 

11.21  (0,0)  (113,0)  sm  GND 

12.22  (71,0)  (71,32)  ( fm . ip . gp ) ( fm )  02F 

13.23  (78,0)  (78,32)  ( f m) ( fm ,  ip , gp )  02F 
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